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THE STATUS OF THE OIL SHALE PROBLEM
Orlo E. Childs
Much has been written about the oil shale deposits of eastern Utah,
western Colorado, and southwestern Wyoming. These deposits have been
referred to as the largest undeveloped oil reserve in the world. Frequently
the reader of oil shale reports is cautioned by the observation that the
rock is not really shale and that the organic matter within the rock is
not really oil. This basic fact, though often repeated, is also often for
gotten; and erroneous conceptions creep into the basic assumptions made
during discussions of the problems of oil shale development. The oil
shale deposits of Colorado, Wyoming, and Utah are lake-deposited sedi
ments that covered approximately 16,000 square miles. The calcareous muds
of the ancient lake floor have been lithified into marlstone, and the
organic substance within is in the form kerogen. Although layered in
structure, marlstone does not break readily along the layers nor does it
possess any natural porosity or permeability. On the outcrop, the marl
stone is broken into block-like masses by frequent fractures. Although the
system of fractures together with irregular dissolved openings allow some
permeability, these important characteristics can be expected to vary
greatly from one place to another in the basins. Within the Green River
formation, the thickness of oil shale also varies. Along the Green River
outcrop, the thickness of the important oil shale interval can be traced
from a few feet to well over a hundred feet, and within the basin, wells
that have been drilled for oil and gas have penetrated thicknesses
up to 1,900 feet. The change in thickness, however, is regular, and within
the Piceance Basin where most is known about oil shale there is con
fidence in expecting certain thicknesses at a given site. In the studies
that have been made of the Green River formation, the beds of oil shale
are contained within a lower and upper interval of maximum values with
an intermediate interval of lesser values. The upper beds have been
called the Mahogany zone. If all of the oil shale deposits containing 25
gallons per ton or more are considered, there exist perhaps 600 billion
barrels of oil to be derived from marlstone and its included kerogen.
If the lower values of 10 gallons per ton are considered, there exist no
less than two trillion barrels of oil available, or 25 times the total produced
to date within the United States. Perhaps 15 percent of the available
petroleum lies within lands either owned or privately leased to com
panies. The great bulk of deposits lies beneath Federal land and the
President, Colorado School of Mines.
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availability of this land for development is locked in indecision.
Although
much is known about the technology involved in the retorting necessary
to convert kerogen to oil, many consider that this technology
is incom
plete. Thus, an important need for further research is commonly recog
nized by those who contemplate the early existence of an oil shale
industry.
With indecision clouding the availability of lands, with technology
con
sidered as incomplete, many consider an accurate assessment of economics
as imponderable. Any analysis of the present status of oil shale develop
ment must consider the land, technology, and economic problems which
face us.
There are many unpatented mining claims which date back to the
period before 1920. There are also patented claims which exist around
the periphery of the basins where the oil shale outcrops and along stream
valleys within the basin. The Federal government owns perhaps 72 percent
of the total land beneath which oil shale can be found. Many individually
owned tracts of land have passed into the ownership of companies. Since
1920, additional mining claims and the leasing (since 1930) of oil shale
have been withheld by the Federal government. However, some areas
of the land have been leased as oil and gas leases and. there is now in fact
surface production of oil and gas already established under oil and gas
leases. Some of this production is undoubtedly from the Mahogany zone
of the Green River formation in the subsurface, and eventual multiple-use
problems will be introduced should these lands ever be made available
under leasing for mining or subsurface retorting in place.
With so much of the known oil shale deposits in government owner
ship, it has been felt by many that an oil shale industry would not come
into existence until a policy was established which would assure oil shale
operators of the future disposition of Federal lands. Many people in
government and advisors chosen to counsel with government have been
considering whether or not this federally owned land should now be made
available through leasing. The decision of whether or not oil shale lands
are to be made available by leasing is not a simple one. There is even
a question as to whether this decision will remain an executive one or
become a legislative matter. Whatever the outcome, there will be required
broad new basic objectives and policies within government. Recently,
the Advisory Board on oil shale to the Secretary of the Interior sug
gested the following objectives for any new Federal oil shale policy.
"(1) To encourage the advancement of the technology of shale oil ex
traction and the development of a competitive shale oil industry. (2) To
encourage wide industry competition and initiative in the development of
techniques of mining and recovery. (3) To establish conservation goals
and standards for the recovery of the oil shale resource, for the protection
of other values in and adjacent to oil shale lands, and for the protection of
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public health and related values. (4) To prevent speculative use of leased
Federal lands to the detriment of oil shale development. (5) To provide
for reasonable revenues to the Federal and State governments from the
use of Federal shale lands. (6) To set up whatever Federal program may
be decided upon in such a way that it can be administered
The attitude of many people within government and of many advisors
to government seems to be firmly based on the concept that if an oil
shale industry is to come into being, it must be a private industry.
Opinions vary as to how the development of an oil shale industry might
be best stimulated . These opinions varv from one position that of not
making further oil shale lands available to the opposite extreme of
making leases available immediately. The need for further research
and further information regarding oil shale is a common factor in the
thinking of most people. Those who say oil shale lands should not now
be made available base their contention upon the need for extensive
research both as to the processes and as to the costs of shale oil pro
duction. They call for active research performed by government or
government contracts with private organizations for the purpose of
establishing complete information regarding the value of oil shale land.
The proponents of this approach insist that an extended period of active
research would provide sound conservation standards and practices in
the extraction of oil shale and at the same time determine the fair market
value of oil shale leases; thus, establishing a more precise knowledge of
value as a prerequisite for the detailed aspect of leases. They insist
there is enough oil shale now in private holdings that this policy will not
retard the start of a new industry.
Others propose, and I am in agreement with this proposition, that
the Federal government should open selected lands to private leasing
upon either the application by interested companies or upon the govern
ment's own initiative. This leasing would be carefully controlled, and
tracts would be made available for competitive bidding only, as com
panies make application for specific areas to be put up for bid. Leasing
would carry with it firm performance requirements that would make
it impossible for a company to hold land indefinitely without developing
it, and at the same time it would be impossible to provide specific advan
tages that might be reminiscent of oil give-away scandals of the past. It
seems to me that such an approach, being very comparable to the one
now under way off shore in the Gulf of Mexico, would provide the
strongest possible incentive to interested industrial companies. Such an
approach also would serve to limit the amount of government intervention
in the form of tight regulations or threat of production competition. The
threat of unknown regulations or the possible entry of the government
into production could only retard or eliminate the interest that now exists
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on the part of private capital. Some companies have gone ahead with
extensive research to determine the processes that are most feasible for
developing oil shale holdings. Many companies are working in this field
with the anticipation that favorable policies will be established that will
continue to make this new industry an attractive one. With all this
emphasis upon the value of future research, it must be remembered that
it is not possible to do all necessary process research and detailed
research
regarding the geological conditions of a particular land tract
prior to
entering into oil shale development. Research is a continuing need
in
the process of oil shale development and. therefore, must go hand in hand
with the day-to-day problems of development. If the government were
to take the position that a certain amount of research is needed before
a company has qualified to apply for lease, there is a serious practical
problem involved in judging the adequacy of that research. This judgment
of adequacy is far more appropriate for the individual company con
cerned than for an outside organization. Internal as well as external
economic considerations faced by a particular company are vital to that
j udgment.
In the near future, it is hoped that new policies will be established
within government which will allow the solution of the many problems
which exist regarding the legal status of land holdings and the avail
ability of lands now held by the government. There is truly a period
of indecision today, but an area not without hope for tomorrow.
To say that all problems in the technology of oil extraction from oil
shale have been solved is an overestimate of present conditions. To say
that technological problems are all far from solution is also an over
estimate. The kerogen which exists in the marlstones of the Green River
formation is of value only after it has gone through processes of retort
ing. Different systems of retorting have already been studied and per
fected. Once oil shale has been mined and crushed, many types of retorts
are available. This introduces an entirely new concept in the production
of petroleum, when viewed in comparison with the traditional methods
of producing oil from wells that have been drilled. The interjection of
required retorting makes the development of oil shale akin to expensive
production processes in manufacturing. It is a common experience in
manufacturing that extensive expenditure of money is needed prior to
return on that investment. It is estimated that the mining, crushing, and
retorting of oil shale might require an expenditure of perhaps a hundred
million dollars to obtain a plant necessary to produce 50 thousand barrels
of oil per day from oil shale. This is a magnitude of investment prior to
returns which is quite foreign to the thinking and the practice of some
oil companies when compared to conventional oil production from drilled
wells. The delay of returns on the investment is more common to the
practices of mining and manufacturing.
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Into this investment also must be worked the plans for conservation
which involve an unknown number of dollars. But the problems of han
dling extensive spent shale from surface retorts, together with the need for
protecting the purity of surface and groundwater supplies and the need for
protecting the purity of air, all involve unknown but expected costly parts
of any planned installation.
Many companies are unwilling to face this kind of costly planning.
They feel the future of the oil shale industry is controlled pretty much
by the development of successful processes of retorting oil shale under
ground in place. The technology involved in in-situ retorting and collec
tion of shale oil represents the research area in which progress must be
made if some interested companies are going to continue to look for
an emerging oil shale industry. Problems in the in-situ method are not
simple. It should be remembered the rocks involved do not have any
natural porosity, and the permeability is a variable feature depending
upon the communication between extensive fracture systems and dissolved
openings in the rock. Knowledge in the area of in-situ retorting is the
objective of much needed research. Review of the technology of mining,
of crushing, or of retorting also indicates that our present knowledge of
the state of the art of extracting oil from oil shale is really incomplete.
If oil from oil shale is to find its way into the market place, and if an
industry is to spring up based upon the extraction of oil from the deposits
of the West, this new industry must face serious competitive forces and
important economic limitations involved in that competition. There are
still natural reservoirs of oil and of gas that are yet undiscovered in the
United States. Although in the past eight years the rate of discovering
new natural accumulations of oil and gas has been declining, important
new discoveries have been made in recent years. To date, the world
wide exploration and development costs of natural oil and gas deposits
occupy a favorable position in competition with the development of oil
from oil shale. Oil shale must really be considered as a supplement to
natural oil rather than a substitute. In many known fields secondary
recovery methods are bringing abandoned oil to the surface. This recovery
of additional oil from known structures and known entrapments also
occupies a favored competitive position compared with oil shale. Oil is
being imported by the United States from foreign oil fields, and the
quota of import is an important economic factor as a competitor with
possible oil shale development. Any change in the quota of import of
foreign oil will have profound effects upon the competitive position of oil
from oil shale. Oil is known to occur in tar sands and is known to be a
possible derivative of other bituminous rocks. Oil in tar sands stands in
approximately the same economic position as oil from the kerogen of oil
shales, but the competitive relationship will depend upon future tech-
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nological developments of tar-sand derivatives as well. In many places
in eastern Europe, oil and gas are developed from the conversion of coal,
and although this represents a possible source of oil and gas tomorrow,
the competitive position with oil shale is an unknown. All of these com
petitive sources of oil represent parts of a future economic picture which
is not clear; and it is. therefore, very difficult to consider the
role of oil
shale tomorrow as it must fit into the economic limitations of future
sources of hydrocarbon. All of the aspects of the economic climate in
which oil shale must find its place must be considered as variable, or
perhaps imponderable. In the total energy picture of the United States,
perhaps the most accurate position of oil derived from oil shale in to
morrow's industrial picture might best be described as a supplemental role
rather than a substitute for known sources today.
The status of the oil shale problem seems to be a forecast of changes
that will occur. Expectations are clouded by the indecision of land avail
ability and governmental policy; by the incompleteness in the technology
of processes of mining, crushing, and in-situ retorting; and by imponder
able economic controls and competition that must be faced by tomorrow's
oil shale industry. In the past three years, important progress has been
made in all the problem areas. In the next ten years, continued accom
plishment may see a new energy industry as a part of the American
economy.
Statement made by John R. Donnell, U.S. Geological Survey, after
Dr. Childs has left to catch an airplane:
Donnell: I'm sorry that I didn't have an opportunity to make this
comment while Dr. Childs was here. I would like to make a comment on
his isopachous map. He stated that the isopach around the margin of the
Basin, which was either 50 or 100 feet, represented the thickness of the
Mahogany Ledge. He is correct in this statement. However, he did state
that the Mahogany Ledge thickened to 1900 feet in the center of the Basin,
and he is incorrect in this statement in that the Mahogany Ledge, or the
Mahogany Zone, which is the subsurface counterpart of the Mahogany
Ledge, is a unit defined on the outcrop. It's a ledging unit which consists
of rich oil shale and is bounded both above and below by zones of lean
oil shale. As you get to the center of the Basin, it does thicken. However,
you still have the lean oil shale boundries both above and below in the
center of the Basin. Dr. Childs was referring, I am quite sure, to the total
thickness of shale that would average 25 gallons of oil per ton when he
stated the 1900-foot section was Mahogany Ledge. I'd just like to insert
this in the record.
FRACTURING OIL SHALE WITH NUCLEAR EXPLOSIVES
FOR IN-SITU RETORTING
M. A. Lekas, USAEC
and
H. C. Carpenter, USBM
INTRODUCTION
Since the first nuclear blast was set off in 1945 in Alamogordo, the
men who have worked with nuclear weapons have speculated on the pos
sibility of utilizing this tremendous force for peaceful purposes. Nuclear
explosives are capable of releasing enormous amounts of energy from a
compact and readily transported package. This feature, which has revo
lutionized military strategy can also be employed for peaceful purposes.
The Plowshare Program was established by the U.S. Atomic Energy
Commission in 1957, and given the task of investigating and developing
peaceful uses for nuclear explosives. The AEC approach has been two
fold: (1) to establish a useable body of quantitative information about
the effects of nuclear explosives when fired in various types of rock, and
(2) to work closely with industry in evaluating potential uses of these ef
fects in specific applications.
Primary research and development is carried out at the Lawrence Ra
diation Laboratory at Livermore, California. Other research work is under
way by the Sandia Laboratory Corporation, Albuquerque: Oak Ridge Na
tional Laboratory: U.S. Bureau of Mines: and U.S. Geological Survey. In
addition to these government organizations, a number of private companies
have cooperated with the AEC in carrying out Plowshare research work.
In 1958 the AEC and the U.S. Bureau of Mines collaborated in devel
oping a concept for using nuclear explosives to fracture deeply buried
oil shales in preparation for an in-situ combustion-extraction process sim
ilar to a fire-flood operation in a petroleum reservoir. Preliminary plans
were developed for a nuclear experiment on the Naval Oil Shale Reserve
near Rifle, Colorado. A series of discussions were held with representa
tives from the petroleum industry to discuss the interest and participation
of private industry in such an experiment.
Project Engineer, Special Projects Division, Atomic Energy Commission,
San Francisco Operations Office, Berkeley, California.
Chemical Research Engineer, U.S. Department of the Interior, Bureau of
Mines, Laramie Petroleum Research Center, Laramie, Wyoming.
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Figure 1. 5 kiloton nuclear explosive being lowered into
2,700'
emplacement hole
at Hattiesburg, Mississippi. Shot called "SALMON" was fired Oct. 22, 1964.
At the time, a number of technical questions were raised that could
not he satisfactorily answered due to the AEC's limited experience with
effects of underground explosions; and the experiment was deferred pend
ing the accumulation of additional data.
Fracturing Oil Shale with Nuclear ExpLOSl\ E>
Since then, the AEC has vastly increased its understanding of the ef
fects of underground nuclear detonations through its Plowshare Program
and nuclear weapons testing activities. More than 150 underground nu
clear tests have been carried out in the U.S.: and experience has been
gained from shots in various rock t\ pes, including alluvium, tuff, granite,
dolomite, and salt. The AEC has developed sufficient understanding of
the phenomena involved to predict the general effects of the explosions in
these diverse media.
Accumulated data on the effects of underground nuclear explosions.
and research by the USBM on the high temperature behavior of oil shale,
have made the nuclear in-situ extraction process appear much more at
tractive today than it was six years ago.
These developments can be summarized as follows:
1. Better understanding of the mechanism of rock fragmentation bv
nuclear explosions in various rock types.
2. Qualitative understanding of the extent of permeable fractures ex
tending beyond fragmented areas.
3. Development of small diameter nuclear explosives of low fission
to fusion ratio that can be emplaced in drill holes.
4. Development of dependable formulae for predicting the general
effects of underground explosions.
5. Better understanding of the retorting characteristics of oil shale.
NUCLEAR EXPLOSIVES
Since the whole process of nuclear fracturing begins with the explosive.
it is pertinent to briefly discuss the characteristics of nuclear explosives
that are of primary importance in this application, namely the size. cost.
and availability.
An A-Bomb or an H-Bomb is a nuclear explosive (NE) designed and
constructed as a weapon for a specific military application. Nuclear ex
plosives can be designed and built for specific peaceful purposes as well.
As such, the design is freed of certain restrictions placed upon weapons.
but is subject to other requirements that are not relevant in weapons de
sign. There are certain flexibilities in the design of the explosive which
permit, within limits, the tailoring of the explosive to meet certain needs.
NE can provide explosive energy at a unit cost far less than any other
explosive, and in quantities unthinkable in any other form. A single nu
clear explosive of moderate size will have the explosive power of all the
chemical high explosive consumed in an entire year in the L.S. I 600.000
tons) .
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The energy of a nuclear explosive is
measured in equivalent tons
of




ories. The explosives can be designed to yield from fractions of
a kiloton
up to thousands of kilotons.
There are basically two types of nuclear explosives, one
based on the
fission principle and the other on fusion.
Fission explosives release energy through the splitting of heavy atoms;
uranium 235 and plutonium 239 are the fuels of these explosives. These
fuels are relatively expensive, and they produce
radioactive products that
are largely solids. They are generally used for explosives in the smaller
yield range, and can be produced with relatively small diameters, which
is quite important in deep hole emplacement.
Fusion (thermonuclear) explosives generate their energy largely
through the fusion, or joining, of light atoms to form heavier atoms. Fu
sion explosives require a small fission explosive as a
"trigger."
The fuels
of fusion explosives are deuterium and tritium. The principal radioactive
product of fusion is tritium, an isotope of hydrogen, and induces radio
activity in the explosive
components and in the rock surrounding the ex
plosive.
Since, in underground applications, the explosives are generally
em-
placed in cased drill holes, the diameters of the explosives are important.
The AEC has declassified a range of yields and associated diameters of
explosives that could be made available using current designs.
Table 1. Diameters of nuclear explosives
Yield Diameter of Cannister
Up to
>
10 KT = 12 inches
>
100 KT = 18 inches
>
1,000 KT = 24 inches
>
10,000 KT = 36 inches
The internal diameter of the emplacement hole would have to be
slightly larger, of course, to accommodate the cannister. The length of the
cannister is roughly two to four times the diameter.
The AEC has published a list of charges for nuclear explosives as a
guide in evaluating the use of such explosives in industrial applications.
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Table 2. Projected charges for thermonuclear explosives








These charges would include arming and firing the explosive and are
projected on the assumption of production in quantity. However, signifi
cant reductions in charges could result from improvements in the technol
ogy of explosive design and production techniques. Similarly, advances in
the technology of explosive design could result in smaller diameters.
The striking feature of the cost of nuclear explosives is that the
charge is relatively independent of the energy yield: therefore, as the
yield increases, the cost per energy unit decreases. Thus, one is essentially
buying an explosion and the energy yield can be selected to meet the need
without significantly changing the costs. Obviously this results in eco
nomic considerations which are very different from those of chemical
explosives.
At the present time, the Commission is not authorized to supply nuclear
explosives and related services on a commercial basis. However, the
AEC can make use of NE in research and development arrangements with
industry, including demonstrations of a particular application of nuclear
explosives. When Plowshare technology has advanced to the stage where
there is an active industrial demand for the explosives, it would be ap
propriate for the AEC to seek Congressional action to make them avail
able on a commercial basis. It is assumed that, under all circumstances,
the Federal Government would retain responsibility for the transporta
tion, custody, and safe detonation of the explosive, and the safety of the
general public.
FRACTURING OIL SHALES WITH NUCLEAR EXPLOSIVES
1. Cavity and Chimney Formation: When a nuclear explosive is detonated
underground, one of the early effects is the creation of an unstable
cavity within the
earth (fig. 2). The energy of the explosion is gen
erated in microseconds, vaporizing the adjacent rock, and further
out, melting and crushing the rock. The expanding gases thrust the
surrounding rock radially outward, creating, in fractions of a second,
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a spherical cavity within the earth, filled with vaporized and melted
rock. The radius of the cavity will be a function of the energy yield
of the explosive, and, to a much lesser extent, the rock characteristics,
and the depth of burial.
After a period of time ranging from seconds to hours, the roof of
the cavity collapses, and a cylindrical column (chimney) of broken
rock develops upward as the cavity fills with rock falling from the
roof. The volume of the cavity is translated into interstitial space
between the fallen rock fragments. Graphs in figures 3 to 6 1 give
approximate chimney dimensions for varying explosive yields. Ex
perience indicates that in massive salt formations the cavity is stable
and does not collapse.
2. Radioactivity: The melted rock that initially lines the walls of the
cavity collects in a pool at the bottom of the cavity prior to cavity
collapse. Most of the solid radioactive fission products are trapped
in this melt, which solidifies into a refractory slag that effectively im
mobilizes the entrapped radionuclides. The principal radioactive
product of a fusion explosive is tritium, an isotope of hydrogen. In a
shot in oil shale, much of the tritium would combine with the water
and hydrocarbon vapors in the cavity to form tritiated oil, water,
and gas.
3. Temperature: In the situation of deeply buried detonations, 90 percent
to 95 percent of the energy released by the explosion
(IO12
calories per
kiloton) remains in the chimney area as residual thermal
energy.2
Initially the bulk of this heat is in the melt, but within a few months
it is distributed throughout the mass of broken rock by conduction
to the rock that has fallen into the melt pool and by refluxing of water
and other fluids through the chimney zone. The net result is that
within a few months, the chimney rubble and adjacent rock have
been heated to temperatures of 100 to 200 degrees F and the high
temperatures of the melt zone have been dissipated (fig. 9).
4. Post Shot Environment: As an example of the environment that
would exist in the shale after a nuclear blast, we can consider the
case of a single shot in a 1,000 foot thick shale section overlain by
1,000 feet of overburden (fig. 2). A fusion explosive of about
250KT yield would be emplaced at a depth of 2,000 feet in a 26-inch
ID cased drill hole. The effect of this shot would be to create a col
lapse chimney 400 feet in diameter and 1,000 feet high. The chimney
would be filled with broken and displaced pieces of oil shale ranging
in size from sand sized grains, to blocks two to three feet across (fig.
7 and fig.
8).3 There would be a sharp contact at the walls of the
chimney between the
fragmented and displaced chimney material, and
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Figure 3. Cavity radius for underground nuclear explosions in granitic rock.
*Buffer refers to thickness of rock between top of chimney and surface.
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Figure 4. Chimney height for underground nuclear explosions in granitic rock.
?Buffer refers to thickness of rock between top of chimney and surface.
(Reference: Hansen and Lombard)




DEPTH OF BURIAL IN FEET
Figure 5. Tonnages of granitic rock broken by underground nuclear explosions
5 kt to 100 kt. *Buffer refers to thickness of rock between top of chim
ney and surface. (Reference: Hansen and Lombard)
8,000 12,000 16,000
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Figure 6. Tonnages of granitic rock broken by underground nuclear explosions
100 kt to 1,000 kt.
*Buffer refers to thickness of rock between top of
chimney and surface. (Reference: Hansen and Lombard)
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Figure 8. Hardhat Chimney : fragmented chimney rock exposed in re-entry drift.
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the surrounding fractured rock. Major fractures radiating outward
from the chimney would diminish rapidh in the rock.
Initially the interstices of the permeable chimney would be filled
w ith water vapor, hydrocarbon gases, and COj from the vaporized and
melted oil shale that surrounded the explosive. The lower hemisphere
of the cavity would contain most of the radioactive fission products
of the explosion entrapped in a refractory slag, and some shale oil
produced by the heat of the explosion. The hydrogen compounds;
water, hydrocarbon gases, and liquid oil, would probably be some
what radioactive due to the exchange of tritium with hydrogen in the
early, high temperature environment of the cavity, prior to collapse of
the chimney. The retort would now be ready for development.
5. Fragmentation and Fracturing: The maximum particle size in the
chimney will generally be determined by the joint spacing in the rock.
It will grade downward, in a fully unsorted fashion, to sand size
grains. The chimney is thus a highly permeable mass of broken and
displaced rock in sharp contact with relatively unbroken rock on all
sides (fig. 7). The particle size distribution appears to be log
normal.4 If oil shale fragmentation is similar to granite, over 70 per
cent, by weight of the chimney rock would be less than 12 inches in
diameter.3 The void space of the chimney will be about 25 percent to
30 percent, and the radius of the chimney approximately equal to the
cavity radius. Generally the height of the chimney will be four to five
times the cavity radius, varying with the rock type.
The bulk permeability of the rock surrounding the chimney is in
creased through fractures created by the shock wave, and by movement
on preexisting plans of weakness, primarily joints and bedding planes.
Measurements made in granite indicate that increases in permeability




point.0 Above the shot point, tensional fractures extend for
6R to 8R from the shot point, and below for about
IV2R7.*
6. Multiple Explosions and Pillars: In the commercial application of
nuclear explosives to increase the permeability of oil shales, a large
number of explosives will be required to create the necessary perme
ability in the large areas and tonnages involved. One of the major
limitations on the energy yield of the explosive is damage from the
seismic effect. Therefore, in most cases, multiple shots would gen
erally not be fired simultaneously. The emplacement holes would be
drilled, loaded, and fired in sequence.
The interaction of the shock from the explosions with the pre
existing collapse chimneys
from prior detonations is of great im-
* R refers to radius of cavity and ehi:nney.
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portance in the practical application of NE to increasing
and perme
ability of the formation. Properly designed
arrays of explosives will
fragment more rock per shot, and per kiloton, than
individual shots.
The growing cavity will
"break"
into the adjacent chimney, frag
menting the rock in between. Although
no experiments have been
formed to define the parameters of this effect, it appears from a
theoretical basis that shot points separated by less than 4%R will
merge in this manner.8 At greater separations the individual chimneys
would retain their integrity, but the fractured zones would tend to
overlap.
The explosion increases the permeability of the formation in two
distinct ways; a very permeable mass of fragmented and displaced
rock is created within the collapse chimney, and fractures are created
in the rock beyond the limits of the chimney. The permeability in
the chimney is much greater than in the fractured rock beyond the
chimney, and the permeability of the fractured rock is greater than
the surrounding country rock. In this report, the highly permeable
displaced mass of rock in the chimney is referred to as
"fragmented"
rock, and the rock fractured in place surrounding the chimney is
referred to as
"fractured."
It may be desirable to restrict the shock induced permeability to
rock volumes of limited size, in order to allow control over the move
ment of introduced and extracted fluids, maintenance of air pres
sure, and control of burning. Control of the injected air and burning
front are critical parameters of the in-situ retorting technique.
Under certain conditions, restricting the induced permeability to
limited volumes of rock could require leaving a sizeable portion of
the shale in pillars, in order to maintain permeability barriers.
There appears to be two general ways of introducing permeability
into the oil shales without leaving excessive pillars:
a. Fragment large volumes of rock through merging chimneys, with
no impermeable barriers. Control of the burn within this mass
of rock will be a function of air control (fig. 10) .
b. Fracture large volumes of rock through widely spaced chimneys
so that only the fracture zones merge. Burn both the chimneys
and the fractured zones (fig. 11) .
An estimate is made of fracturing costs using the two emplace
ment arrays described above. For purposes of illustration, as shown
on table 3, the cost of each nuclear explosion, including the explosive
emplacement hole, firing, and safety services, is estimated at $750,000.
The actual cost, of course, would depend upon the individual
situation.
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Table 3 Effect per shot
Yield about 250 KT; Radius of cavity = 200 feet.
Figure 1 Figure 2
Fragmentation Pattern Fracturing Pattern







tons 5c per ton 58xl0'tons Peeper ton
In-Place Oil lOXlO'bbls 8c per bbl
38x10"
bbls 2c per bbl
Pillar Loss up to 35rc Essentially zero
IN-SITU RETORTING OF THE BROKEN OIL SHALE
Oil shale is a very fine grained, calcareous shale (marlestone) that
contains varying quantities of kerogen, a solid hydrocarbon. The content
of kerogen. in shale of a grade and thickness considered suitable for
nuclear exploitation, ranges from 15 to 40 gallons per ton. with most of
the shale being in the 15 to 25 gallon/ton range. Kerogen, when raised




F. decomposes to form a liquid shale
oil, quite similar to crude petroleum, and a solid carbonaceous residue
(coke) ; about 25 percent of the kerogen by weight remains as coke.
From 1945 to 1955. the USBM. at the Rifle Oil Shale Mine and
Engineering Experiment Station at Rifle. Colorado, developed a number
of methods of extracting the shale oil from the shale. One of these methods
was the NTU retort (fig. 12).
The NTU retort is a cylinder, 9Vi> feet in diameter and 16 feet high,
constructed so that a charge of shale can be quickly loaded and discharged.
The retort is loaded with crushed, unsorted, oil shale ranging in size from
x/2 inch to 3H inches. The shale is ignited at the top of the retort, and
combustion is maintained by introducing low pressure air from the
top. The hot combustion gases, preceeding the burning front, decompose
the kerogen into a vaporized shale oil. which condenses in the lower,
cooler part of the retort and in an external condenser, and a carbon
residue which remains behind and provides fuel to the advancing fire
front.
Such a retort was burned out in 8 hours, with recoveries from 75 per
cent to 90 percent of the oil content of the oil shale. The nuclear in-situ
retorting technique, in its simplest form, is essentially a large scale NTU
retort constructed underground. It involves detonating a nuclear explosive
emplaced so as to create a collapse chimney of broken rock through the
vertical extent of the oil shale bed (fig. 12). The broken rock would
be ignited, and the combustion maintained and directed by regulating the














Figure 10. Array of nuclear explosions for maximum fragmentation effect. W =
2R3
where W is tonnage of rock fragmented by each individual ex
plosive, and R is the cavity radius in feet.
would decompose the solid hydrocarbons in the shale to produce a liquid
shale oil, which would collect in the lower portion of the collapse chimney,
and could be removed through drainage drifts or wells.
Fundamental differences between in-situ retorting and more conven
tional above-ground retorts, other than obvious differences such as loca
tion and materials of construction, are the rate of retorting and the
effi-


















Figure 11. Array of nuclear explosions for maximum fracturing effect. W =
7.4R3
where W is tonnage of rock fractured and fragmented by each indi
vidual explosive, and R is the cavity radius.
cient use of available heat. Above-ground retorts must be operated at opti
mum throughput conditions based on physical size of the retorts and the
capacity of all auxiliary
equipment. The length of time any piece of
shale is exposed to the heated zone is limited to the rate of movement
of the zone which must necessarily be rapid to obtain maximum through
put. To promote speed and efficiency of retorting, particle size must
be in a narrow range and not be too large. In the NTU retort, burning
shale pieces larger than 4% inches decreased the recovery efficiency,
because of the requirement for the rapid advance of the heated zone, and
the time required for heat to penetrate these larger particles.










FIGURE l2.-Comparison of N-T-U and Nuclear Retorts.
The situation would be different in the underground case. First,
because of the large physical size of the underground retort, it is not
necessary to move the heated zone rapidly to optimize use of retorting
equipment. Second, more effective use of recycle gas can be made to
extend the heated zone without loss of heat to the atmosphere. (Loss
of heat to the surrounding oil shale simply would result in more retort
ing.) Third, at relatively low temperatures blocks of shale tend to ex
foliate and break up. This exfoliation increases with the richness of the
shale. Channeling of air probably cannot be avoided, but the effects
can be minimized by slow retorting rates and use of recycle gas. Pressure
drops across the NTU retorts normally were a few inches of water;
pressure drops through a rubble chimney may be considered extremely
low. In the fractured zone, permeabilities would be in the order of a
darcy.
As mentioned earlier, two nuclear-fracturing concepts are being con
sidered, each resulting in a different degree of fracturing and amount of
shale broken per shot. The method of retorting for both concepts would
be similar. The most convenient recovery system would be a central
shaft with a drift arrangement running beneath the broken shale. Drill
holes down to the top of the fractured zone would be used to insure dis-
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tribution of air and recycle gas. Control of the rate of retorting and the
extent of the heated zone beyond the flame front can be effected by
regulation of the flow of air and recycle gas. In each case the broken rock
would be burned in manner similar to a NTU retort, that is, the com
bustion zone would move generally downward concurrent with air and
recycle gas streams. Combustion products and the shale oil would be
removed from the bottom of the retort through the drifts and central shaft.
The characteristic of the fragmentation pattern shown in figure 10
is the extremely high permeability. The fracturing pattern shown in
figure 11 makes available almost four times as much oil, but the induced
permeability is less and will result in higher air compression costs. A
detailed economic analysis based on field experiments is needed to
compare these patterns. Laboratory experiments under way will give
better approximations to the efficiency of retorting than the assumptions
made above.
It is expected that in the fragmented zone produced by a nuclear ex
plosion, the temperature would remain above the pour point of the shale
oil (about
100
F) for several years. This increase in temperature is
important to prevent plugging of the formation by solidified oil after the
oil has moved beyond the heated zone.
Figure 13 presents a concept of a commercial scale operation based
upon a fragmentation array in a 1,000 foot thick shale bed. In this
concept, the shale area would be divided into areas somewhat smaller
than 1 mile square. Such areas are considered as self-contained shale
oil plants. Within each plant area the shale would be broken by firing
20 nuclear explosives, grouped into
"retorts"
of 5 shots each. The spacing
between the explosives would be selected so that the shale would be
thoroughfv fragmented within the retorts, but that each retort would be
separated from the other by a barrier of relatively impermeable shale.
Each plant would constitute an operating entity. The 20 emplacement
holes would be drilled, loaded, and fired one at a time. After the shale
within the plant area has been broken by the explosives, the construction
of the underground workings and surface facilities could begin.
The four retorts would be burned out in sequence. After the last
retort in the plant is burned out. drilling and blasting of the adjacent plant
area can begin.
Air would be introduced into the top of the retort through a grid of air
input holes : and the exhaust gases and shale oil would be withdrawn from
the bottom of the retort through a system of drill holes, air drifts, and
air shafts.
Each plant could produce 150 million barrels at the rate of 100,000
barrels per day for 4 years, assuming 50 percent recovery. Such an
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Figure 13. Concept of a commercial scale nuclear in-situ retorting plant
producing 100,000 barrels of oil per day.
SAFETY ASPECTS OF NUCLEAR FRACTURING
The possibility of atmospheric contamination through venting of
radioactivity produced by the explosion at these depths and yields is not
considered a serious problem. Although venting of some gas could
take place through fractures to the surface developed by the explosion, this
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is not likely for deep drill hole emplacements. Experience gained in
numerous nuclear detonations in water bearing tuffs at the AEC's Nevada
Test Site, which generate large quantities of steam from the heat of the
explosion, supports the confidence in the calculations for safe emplace
ment depths in a gas producing rock.
Because of the remote and undeveloped nature of most of the oil shale
basins, there are few structures to be damaged by ground shock from
the explosions. If the oil shale basins were being developed for in-situ
retorting operations, the major structures to be damaged would be under
ground workings, drill holes, and surface compressor plants. Of these,
underground workings are the most sensitive to shock. Minor damage
could result in distances of 2 miles from a yield of 250 kilotons.1 Drill
holes and properly designed compressor facilities would be safe at half
that
distance.9
Available data indicate that there is no mobile ground water present
at the emplacement levels. Therefore, there is no danger of direct radio
active contamination of ground water in the immediate vicinity of the
explosion. However, the possibility of contaminating any overlying
aquifers through introduction of radioactive gases is a factor that must
be considered.
In order to minimize radioactive contamination of the oil, an explosive
with a low fission/fusion ratio would be used. With such an explosive,
the major radionuclide of concern would be tritium, an isotope of hy
drogen. Most of the tritium would be expected to exchange with hydrogen
in the steam and vaporized hydrocarbons in the early cavity. The gaseous
tritium compounds could be flushed out of the chimney with air; and
the water and oil, containing low levels of radioactivity, could be drawn
off through the drainage drift below prior to initiating the burn. The
remaining radioactive material in the chimney would be in the form of
solid fission products, most of which would be trapped in the slag that
lines the bottom of the chimney. A relatively small portion of the
radioactivity would remain as a coating on the surface of the brecciated
chimney material. The shale oil, as it leaves the chimney and enters the
drainage drift, may have a low order of radioactivity. Removal of any
radioactive components would be a part of the pre-refining treatment of
the green shale oil.
RESERVES OF SHALE AMENABLE TO NUCLEAR FRACTURING
In order to be most effective, a large scale nuclear operation would have
to be carried out in the thicker shale sections. Oil shale thicknesses of 500
feet or more and average grades of 25 gal/ton or better are considered
most satisfactory for this method. It is estimated that in-place reserves,
with thickness and grade better than 500 feet at 25 gal/ton, are 320 billion
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bbls in the Piceance Creek Basin of Colorado alone. The reserves are
distributed as follows:
Thickness, Feet Billion Bbls.
500 - 1,000 60
1,000 - 1,500 140
1,500 - 1,900 90
1.900 - + 30
320
CURRENT STATUS
The AEC and the USBM are collaborating on a detailed study of
the feasibility of utilizing the nuclear method for in-situ retorting of oil
shale. Laboratory experiments are being carried out by the Bureau's
Laramie Petroleum Research Center to determine critical parameters that
will control rates of burning, air flow rates, power requirements, etc.
If the study indicates that the method is feasible, it would be appropriate
to carry out a small scale nuclear experiment in one of the oil shale
basins of the western U. S. to field test the concept.
The AEC welcomes the cooperation and technical participation of
individual petroleum companies in evaluating this technique, and in de
signing and executing experiments to determine its potential as a practical
means of developing the vast oil shale reserves of this country.
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DISCUSSION
Question: In your proposed commercial design, which I realize is
preliminary, you've called for twenty shots per producing area, four pro
ducing areas per plant, producing one hundred fifty million barrels of oil
at 50 percent recovery. Would you give us some idea of what the vield is in
each shot?
Lekas: Yes. I want to make a correction. This is not a preliminary
design. This is a preliminary concept. We haven't quite reached the point
where we can even dignify these things by calling them designs. These
are concepts of how one could go about it. This particular concept was in
an oil shale bed 1000 feet thick, utilizing a yield of 250 kilotons per shot.
Question : Could you tell me how you expect to get the successive
shots off. as you develop an area, without severe damage to both the sur
face and underground facilities on adjoining plots of land? Have you
solved this one?
Lekas: Rather than solve it, I would anticipate that we would avoid
it in that the adjacent plots of land would not be developed sequentially.
but one would leap-frog back and forth so that you would never be firing
next to an operating plant, but against one that had not been developed
yet, or against one that had been burned out. We'd rely upon distance for
safety.
Question: I wonder if your cost per ton of rock is based only on the
charges that you had for the 10 kiloton. or in this neighborhood, such as
$300,000 only for the nuclear charge?
Lekas : The cost of breaking the rock is based upon the charge for the
nuclear explosive, and an estimate of the cost of drilling the explosive
hole, and providing a safety program. We try to cover all the costs that
would be involved in breaking the ground.
Question: Based on a cost that you gave us earlier, these twenty
shots. I understand, would represent an investment on the part of the pro
ducer of some ten million dollars, to get started just from the shot pat
tern standpoint. How soon would he be able to go into the so-called
"plant begin his drainage problem program to take out the radio
active materials, and then begin his production? What time span are we
looking at for moving in to recover the ten million dollar investment?
Lekas: I would anticipate that immediately after the last shot is fired,
one would begin sinking the shaft.
Question:How many shots would you have to fire to get a thousand
foot chimney?
Lekas: How many shots? One shot.
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Anthony Reso, Tenneco Oil Co.:Could you comment
on the physi
cal effects of a nuclear blast in salt, which is a
homogeneous body, com
pared to the physical effects that have been demonstrated for the granite
and tuffs, or basalt?
Lekas: The most striking difference between the
shot in salt and the
others, is that the salt did not develop the collapse chimney, but developed
a standing cavity. There was some collapse
and spall of material from the
walls and back, but essentially there is a standing cavity today at Gnome
some two or three years after the shot.
Reso: The question, of course, is directed to the fact that the oil shale
is somewhat homogeneous, like salt, and not like the granite or the tuff.
Lekas: The nearest approach I think that we have to the lithology of
oil shale is a shot we fired in dolomite, and in that case we did have col
lapse.
Statement from Dave Lombard, Lawrence Radiation Laboratory
Livermore, California:
In response to one of the previous questions, I would like to point out
that there may be a method of protecting adjacent underground workings
by using hydraulic fill.
John Ferry, Denver-U.S. Nat'l. Bank: Could you give us some in
sight as to how you arrive at the 50 percent recovery factor? Does this
include just the broken rock, or also the fractured area?
Lekas: In that particular concept that I presented, this was burning
the fragmented area, and not the fractured country rock around it. The
50 percent recovery was a rather wild guess, modified somewhat on the ex
perience that the Bureau of Mines has had with the NTU retorts.
Art Brown, Shell Oil Co.: Would you not be concerned over con
tamination of the Los Angeles water supply through natural fractures
that might connect with the fractured zone beyond the chimney?
Lekas: You mean with eventual drainage into the Colorado River?
Brown : Yes.
Lekas: That would be one of the safety considerations involved. How
ever, our experience with groundwater contamination indicates that dis
tances of a few miles from the shot point are the limit of the movement of
any radioactivity that enters the groundwater system. Again, this is a com
plicated question. There are many factors, depending upon lithology, rate
of movement of groundwater, etc.
OIL SHALE MINING: A NEW POSSIBILITY
FOR MECHANIZATION
Harold E. Carver
Union Oil Company's efforts to develop an oil shale industry have
been reported on extensively over the past
years.1- - 3- 4 "' - 7 In this re
port we will present the results of a study sponsored by Union to explore
the feasibility of mechanizing oil shale mining. By releasing the informa
tion at this time, we hope to encourage others to undertake developments
in mining of oil shale.
The oil shale mining technique which has been used up to the present
time consists of conventional drilling and blasting with the mining plan
being based on the room and pillar mining method employed by the Bureau
of
Mines.8 Union Oil Company evaluated conventional drilling and blasting
in its Shale Demonstration Plant operations in 1958, and concluded that
it was a sound and economic method for mining oil shale. However, one
important observation made at that time was that the manpower ratio per
unit of output was relatively high compared to the other operations of re
torting and refining. As a result, the application of tunnel boring ma
chines was considered as a possible means of increasing mining labor pro
ductivity. These machines were boring effectively by cutting grooves with
a rotating cutting head and breaking out material between grooves with
rollers or discs. A preliminary investigation, however, showed that tunnel
boring machines were being used almost exclusively in soft rock applica
tions. An extensive research and development program would have been
required before any machine could develop enough force against a mining
face to work in oil shale.
After 1958 developments were made in tunnel boring machines which
resulted in the application of these machines to harder rock. Numerous
references in the literature point out this steady development of ma
chines.0, 10' 11, 1~. This induced Union Oil Company, early in 1963, to
sponsor a research effort to determine the basic requirements a machine
would have to meet to be suitable for oil shale mining.
In looking about for a suitable research facility, it was determined that
the Lawrence Machine and Manufacturing Company, Seattle, Washington,
had in hand a torque-test fixture which would be an excellent tool for the
proposed investigation. Consequently, a test program was initiated in co
operation with Lawrence Machine Company. The program included in-
Supervisor, Oil Shale Activities, Union Oil Company of California, Los
Angeles, California.
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vestigations of groove (kerf) cutting, core breaking between grooves, and
bit wear. Design studies based on this information showed that an oil
shale mining machine was feasible.
Lawrence Torque-Test Fixture
The torque-test fixture used in this investigation had previously been
designed and built by Lawrence for other test work. A photograph of the
fixture is reproduced as figure 1. It consists of a ten foot diameter chain
sprocket drive wheel which turns three large arms spaced 120 degrees
apart like spokes of a wheel. The sprocket and arms turn on a center
shaft and can be moved up and down approximately 10 inches by a hy
draulic piston at the center of the sprocket wheel. The speed of down
ward movement is regulated by controlling the rate of hydraulic oil flow
from the piston. Upward movement of the fixture is accomplished by re
versal of hydraulic oil on "free flow". Thus, with cutting bits or other
accessories attached to the arms, the fixture can be moved down to bring
the bit into contact with a rock specimen. Upon contact, cutting or break
ing forces can be applied, bearing down at a controlled rate.
The torque-test fixture is rotated by a gasoline engine driven through
a gear reduction and chain, and at the conditions used in this investigation,
ample power was available. The downward force can be run up to 60,000
pounds. The rpm can be varied from 1.5 to 17.7 by varying engine speed
and/or diameter of chain sprockets on the gear reducer.
Measurements can be taken bv a varietv of instruments. Horizontal
force (torque) is indicated by a pressure gauge on a load cell. Vertical
force is determined bv gauges reading hvdraulic oil pressures on each
side of the hydraulic piston. The engine rpm is indicated continuously by
a tachometer and fixture revolutions are totaled up on a counter. Through
out the investigation specific instruments were added as required and dur
ing bit life tests a temperature indicating instrument and thermocouple
circuit were added to indicate bit temperature.
Oil Shale Stock
At the start of the test program it was recognized that several large
pieces of oil shale would be required. To supply this need, several pieces
of oil shale were located at the Shale Demonstration Plant mine discard
area and the five largest specimens, termed A, C, D, E and F. were shipped
to Washington. The gpt oil content of these specimens was estimated later
in the investigation by running Fischer assay tests on groove cuttings. A
summary of the information on the five oil shale specimens is given by
table 1.
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Table 1. Oil shale specimens
Estimated Estimated Assay of
Specimen Weight, Dimensions, Cuttings,
Tons Feet gpt
A 9 5x5x5 19.8
C 8 3 x 7 x 10 28.6
L) 7 4x5x5 15.5
E 6 4x3x5 41.0
F 12 8X6X5 17.3
Figure 1. Torque-test fixture with oil shale Specimen D in place.
The oil shale specimens were prepared for torque-test fixture work by
sawing them into
slabs about 34 inches thick with the cut being made
perpendicular to the planes of lamination. The other two dimensions were
trimmed as necessary to limit them to
less than five feet. A hole 5%
inches in diameter was then bored in the center of the
parallel faces in
which a holder could be placed for picking up with a fork lift
and bolting
up to the
torque-test fixture. The handling procedure is shown by figure
2 (Specimen D with pick up holder), figure 3
(Specimen D placed on
platform ready to
move under torque-test fixture), and figure 1 (Speci
men D in torque-test fixture).
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Figure 2. Oil shale Specimen D showing fixture for
lifting block with fork lift.
Core Breaking Tests
One method used in continuous mining, particularly in the mining of
potash, is to cut grooves (called kerfs), into the mining face with a ro
tating cutting head and break out the material between grooves (called
core) with pointed breaking wheels also mounted on the cutting head.
A drag bit with either a positive or negative slope to the surface (called
positive or negative rake) is used to cut the grooves as shown by figure 4.
A thrust force ( Ft) is required to hold the bit in penetration ( P) and a pull
force (Fp) is necessary to move the bit through the material being cut.
In this cutting and breaking method both the groove cutting and core
breaking forces are applied in a direction parallel to the axis of the cut
ting head.
The first tests on groove cutting were made cutting vertically down
into a piece of oil shale to a depth of 6 inches using standard tungsten car
bide bits mounted in a special holder. Then the core between grooves was
broken out manually with wedges driven into the groove in a manner
which applied force perpendicular to the direction of the grooves. As a
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Figure 3. Oil shale Specimen D placed on platform ready to
move under torque-test fixture.
result it was determined that with breaking force applied at the bottom of
the groove the core could be broken out straight and clean.
The favorable results obtained applying core breaking force perpendic
ular to the direction of groove cutting led to a revision of the test pro
gram. The torque-test fixture was fitted with a horizontal groove cutter
and a core breaking wheel, and preparation of oil shale specimens was
oriented as shown by figure 5. This diagram shows a cross section of a
specimen as it would be prepared for a core breaking test. The top of the
specimen was first trimmed off around the circumference to set up an ex
tension from which the maximum length of core could be prepared. Then
a horizontal groove was cut into the base of the extension a distance of
6 inches. The core breaking wheel was brought to bear above the end of
the groove and as the fixture rotated slowly the breaking wheel was
moved down at constant rate developing, eventually, sufficient force to
shear off the core. Measurements of the forces required for groove cut
ting and core breaking were taken along with bit speed and penetrations.
A photograph of the horizontal groove cutting attachment is repro
duced as figure 6. The attachment consisted of a cutting bit holder
at-
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Figure 5. Torque-test fixture core breaking.
tached to a hydraulic cylinder shaft. The hydraulic cylinder was mounted
in a holder which was bolted on a fixture arm. To supply hydraulic power
to the cylinder a hydraulic oil pump unit was installed on a fixture arm.
Electric power was brought through slip rings and carbon brushes to the
pump drive motor.
Rate of penetration of the bit was controlled by con
trolling the hydraulic oil
flow rate and bit thrust and pull forces were de
termined from torque pressure cell and oil pressure readings, respectively.
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The core breaking attachment is shown in figure 7. It consisted of a
holder in which was mounted a 3-inch diameter core breaking wheel.
Although a flat wheel was tried, a pointed wheel was by far the most ef
fective.
The first step in preparation of a core breaking test was to position
the horizontal groove cutter the correct distance down from the top of the
oil shale specimen to give the desired core thickness. Rotation of the fix
ture was then commenced and advance of the bit at a steady rate was
started to cut a horizontal groove. Upon completion of the groove, the bit
was retracted and the groove cutting attachment was moved back on the
fixture arm to adequately clear the specimen.
The core breaking attachment was next moved into position where the
wheel could be brought down directlv above the end of the groove. Rota
tion of the torque-test fixture was commenced and the fixture was moved
downward to bring the core breaking wheel to bear. Rotation and down
ward feed were continued until the core was broken. The core breaker
was then moved back to clear the specimen and the horizontal groove cutter
was set up for another cut. While either groove cutting or core breaking
was in progress, instruments were read frequently to obtain complete data
on the operation.
Figure 6. Horizontal groove cutter.
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Figuhe 7. Core breaking wheel view looking up at wheel.
Core Breaking Results
Breaking of core perpendicular to the direction of the groove with a
pointed wheel was shown to be an excellent breaking method. The core
broke straight from the point of the wheel to the end of the groove and
measurements of a few cores gave an average acceptable break of 97
percent. Figure 8 shows a 6-inch core after breaking and figure 9 shows
the same core laid out on the floor. Note the straight break obtained.
Core breaking forces were determined for 2-inch, 3%-inch, 6-inch,
and 3%-inch wide cores at a downward feed of 0.35 inch/minute. The
five data points obtained indicate a linear correlation of breaking force
with core width. Figure 10 is a plot of these data plus one point at a
downward feed of 0.95 inch/minute gave a breaking force about
twice that at the lower feed. However, at the higher feed, fewer fixture
revolutions were required to completely break the core. Force required to
pull the breaking wheel was less than 200 pounds in all cases.
Bit Life Tests
Although a successful core breaking method was developed as de
scribed above, it was still necessary to determine if reasonable bit life
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Figure 8. Oil shale Specimen F showing
6"
core after breaking
with several revolutions of fixture.
could be obtained in cutting grooves. Also, it was desirable to determine
groove cutting forces, bit temperatures, acceptable bit penetration and bit
speeds at various conditions of cutting. Accordingly, the torque-test fix
ture was fitted with a bit temperature indicating instrument whereby bit
temperature was measured by installing an iron-constantan thermocouple
in the bit holder with the thermocouple junction pressed firmly against
the back of the tungsten carbide cutting insert. Leads were taken from
the thermocouple to a pair of carbon brushes and slip rings at the center
of the fixture and on to a temperature indicating instrument.
For the bit life tests, clamp-on type tungsten carbide inserts having
typical specifications given in table 2 were used in the horizontal groove
cutter. Wear on the clamp-on insert was followed by removing and
weighing it periodically to the nearest
0.1 milligram with an analytical
balance.
To test the effect of water cooling the bit, a water tank and small ro
tary pump were installed on the fixture. Piping was run from the pump to
the back of the bit so that water could be sprayed under pressure against
the bit. A needle valve was used to control water flow rate.
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Table 2.Properties of K-6
tungsten carbide
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Transverse Rupture Strength, psi 250,000
Young's Modulus of Elasticity
(resonance method), psi
94.0 X 10
Compressive Strength, psi 670,000
Poisson's Ratio (resonance method) 0.211
Impact Resistance 6.5
Endurance Limit (reverse bending,
10s
cycles), psi 116,000
Abrasion Factor 1/vol loss 220




In planning for bit life tests, calculations showed that by using the
horizontal groove cutter, extended bit travel up to 40,000 feet could be
obtained on each oil shale specimen. The test procedure involved setting
the horizontal groove cutter up and making a full cut to the limit of cutter
advance. Then the cutter was retracted, the fixture moved down about 1
inch and the cut was repeated. Generally, about six cuts could be com
pleted before the fixture was moved down to the limit of its travel. There
upon it was necessary to raise the fixture, move the horizontal cutter in
toward the center and repeat another six cuts. After all possible cuts had
been made on one side, a specimen could be taken out and turned over to
bring up additional material. Although water cooling was applied in some
exploratory runs, the
bit life tests were all run dry.
Bit Life Results
The bit life tests were made on %-inch inscribed circle triangular bits
and Ya-inch diameter circular bits. Results of a triangular bit life test
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CORE THICKNESS, INCHES
Figure 10. Effect of core thickness on breaking force.
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cutting at positive rake are given in table
3. Total life of this bit was
14,600 feet (to the nearest 100 feet) at the following average conditions:
Penetration, inch 0.0935
Velocity, ft/min 119
Bit temperature, F. 492









Groove Average Wt Loss
Cumulative Penetration Cumulative Bit Temp Cumulative
Ft In/Rev Ft F Mg/In
1,438 .089 21.3 425 2.0
2,833 .101 44.8 500 5.3
5,225 .095 82.7 448 8.3
7,405 .076 110.3 483 12.6
9,395 .095 141.8 458 16.3
11,087 .107 172.0 561 21.6
14,274 .089 219.3 570 30.6
14,609 .096 224.7 490 31.9
Life in the triangular bit was limited by failure of the corners. Assum
ing that each corner could run 14,000 feet, with negative rake cutting the
bit could be rotated three times taking 7000 feet on each edge (21,000
feet total) and 14,000 feet on two corners. Then the bit could be turned
over and the procedure repeated to give a total run of 42,000 feet. This
total footage at 0.0935 inch average penetration is equivalent to 655 feet
of 6-inch deep groove.
Because of the excessive wear on triangular bit corners, the tests were
switched to a 5/>-inch diameter circular bit cutting at negative rake. The
bit life test results on this basis are given in table 4. Total life of this bit




Bit temperature, F. 536
The total life of one circular insert can be extended to 160,000 feet
with negative rake cutting because the bit can be rotated 180 degrees for
an additional run of 40,000 feet and then turned over to give two more
runs of 40,000 feet each. A total footage of 160,000 feet at 0.062 inch av
erage penetration is equivalent to 1650 feet of 6-inch deep groove.
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Table 4. Bit life test
%"





Groove Average Wt Loss
Cumulative Penetration Cumulative Bit Temp Cumulative
Ft In/Rev Ft F Mg/ln
5,298 .064 56.5 500 3.5
13,999 .054 134.9 493 6.2
20,629 .065 206.7 569 10.2
25,137 .062 253.2 583 14.0
31,010 .063 314.9 477 25.6
37,326 .060 378.0 565 36.9
40,243 .066 410.1 567 40.7
Figure 11 shows both bit life curves for the circular and triangular
inserts plotted as equivalent length of 6 inch groove versus weight loss per











X 5/8 dia circular neg rake
O 3/8 IC triangular pos rake
i
10 20 30 40 50
Cumulative weight loss, mg/inch of bit edge
Figure 11. Bit life tests comparison of triangular and circular bit inserts.
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The optimum bit velocity on dry cutting at bit penetration range 0.04
-
0.1 inch was 100 - 120 feet/minute. Above this velocity range the bit
overheated. Spraying water on a bit helps keep it cool and would allow
the bit to run at a higher velocity. However, on one test at about 200
feet/minute velocity, water cooling did not prevent overheating. Conse
quently, based on these tests alone, the maximum allowable velocity with
water cooling cannot yet be specified. Removing wet cuttings from a ma
chine would be difficult and for this reason the basic tests of this investi
gation were made without water cooling.
A comparison of screen analyses of groove cutting samples, one taken
at the start of the circular insert life test and the other taken at the end of
the test indicates that as the bit wears, size of cuttings becomes smaller. As
shown by table 5, at the start of the test, 66.6 percent of cuttings passed
0.065-inch screen opening while at the end, 76.9 percent passed 0.065-inch
opening.
Table 5. Screen analysis of groove cuttings
Weight Percent Passing
Opening Size, Inches Start of Run End of Run
0.371 89.83 97.55
0.263 (3 mesh) 87.18 96.33
0.185 (4 mesh) 85.46 95.30
0.131 (6 mesh) 82.54 92.70
0.093 (8 mesh) 76.66 86.40
0.065 (10 mesh) 66.60 76.93
Groove Cutting Tests
A large amount of data were obtained on groove cutting with the hori
zontal cutter during the bit life tests. Tabulation of the data from this
source is given as table 6. Variables considered of importance in de
termining groove cutting forces in this set of data are penetration, inches;
cut angle, inches/foot; and bit velocity, foot/minute.
To evaluate the effect of the above variables on bit forces, the data
were subjected to multiple linear regression analysis using the methods
given in chapter 20 of Statistical Theory With Engineering Applications
by A. Hold. In this procedure an equation relating the dependent variable
to the independent variables is fitted by the least squares technique to a
set of data. The mathematical model assumed for this analysis is the gen
eral linear hypothesis:
Y = a + blXl + b, xL. bk Xk
Coefficients of the independent variables in the equation provide a
means of evaluating their effect on the dependent variable. Because of
the large number of calculations involved, a computer program is required.
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Table 6. Groove cutting data
Bit Bit Cut Bit Bit
Velocity Penetration Angle Pull Thrust
Ft/Min In/Rev In/Ft Lb/In Lb /In
124 .089 .0081 570 700
130 .089 .0081 517 780
142 .114 .0104 757 1,140
122 .093 .011 264
121 .1025 .0122 264 800
101 .10 .012 264 800
124 .070 .0084 313 875
132 .074 .0088 264 1,115
110 .083 .0099 313 1,115
83 .085 .017 1,020
89 .091 .0185 1,035
89 .095 .019 1,035
90 .10 .020 1,035
84 .108 .022 1,035
89 .1025 .021
133 .108 .0070 510 1,200
133 .108 .0070 707 1,320
133 .105 .0067 707 1,320
118 .108 .0102 1,660
113 .077 .0075 1,080
47 .077 .0102 291 1,200
142 .105 .014
114 .082 .011 757 1,480
112 .088 .012 700 1,480
114 .089 .012 1,235
105 .040 .0035 385 445
93 .040 .0027 294 235
106 .040 .0027 296 590
96 .046 .0032 605 510
101 .039 .0035 337 248
107 .032 .0029 289 272
109 .044 .0040 438 321
112 .062 .0052 444 320
102 .056 .0047 400 320
112 .037 .0031 222 272
106 .0625 .0052 444 320
108 .066 .0055 446 340
111 .056 .0047 400 296
106 .066 .0055 488 368
95 .056 .0065 488 296
98 .066 .0075 606 392
92 .067 .0077 610 392
96 .066 .0075 576 368
95 .067 .0076 576 360
95 .071 .0081 634 304
97 .074 .0085 671 490
107 .060 .011 391 264
111 .068 .012 396 264
110 .067 .012 391 264
116 .071 .013 388 264
4^ Quarterly




































108 .058 .0047 523
216
109 .052 .0042 413
216
87 .046 .0038 478
176
99 .055 .0045 522
216
105 .052 .0042 522
216
75 .066 .0072 580
216
110 .05 .0056 593
241
108 .068 .0075 703
505
111 .071 .0079 711
384
110 .057 .0064 653
312
109 .066 .0074 714
495
113 .067 .0075 714
320
100 .072 .0080 950
352
108 .051 .0083 519 577
94 .075 .013 721
264
97 .060 .010 541 336
102 .065 .011 541 552
102 .065 .011 541 561
101 .051 .0086 452 513







114 .053 .0040 203 344
128 .0625 .0048 608 458
.0666 .0051 528 320
110 .0625 .0048 569 352
115 .063 .0048 467 423
127 .069 .0057 422 561
108 .052 .0053 380 280
101 .059 .0060 652 447
.064 706 352
116 .060 .0061 760 352
108 .059 .0060 640 458
117 .065 .0066 815 592
107 .046 .0070 368 440
106 .070 .0107 775 489
111 .072 .0110 815 945
109 .071 .0108 815 921
111 .072 .0110 815 921
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The regression analysis results from this set of data show that penetra
tion was the significant variable effecting forces of bit pull (Fp) and
thrust (Ft) as follows:
(1) Fp = 334.44 + 3,032 P
Standard deviation of coefficients:
a = 73.7
bx = 1,096
Standard deviation of Fp estimate = =b 161
(2) Ft = -385.25 + 13,799 P
Standard deviation of coefficients:
a = 106.7
^ = 1,585
Standard deviation of Ft estimate = 233
These equations can be used to calculate Fp and Ft when the inde
pendent variable P falls within the range of 0.04 - 0.12. Also, the method
of cutting should be similar to the test set up before the equations can
be applied. Figures 12 and 13 are plots of the equations.
Machine Cutting Head
The methods of groove cutting and core breaking developed in this
investigation will require a new design concept for a machine cutting head.
One possibility is to use a step-type conical cutting head as shown by fig
ure 14. This sketch shows a cutting head concept in which, as the head
turns, grooves are cut vertically by bits advancing out on hydraulic cylin
ders. When all grooves are cut the bits are retracted and the cutting head
moves forward to bring core breaking rollers to bear at the base of the
core. By positioning the point of the wheel directly opposite the bottom of
the groove a straight clean break of the core can be achieved as demon
strated in the core breaking tests of this investigation. Broken core would
be gathered by the rotating head, moved to the back and out of the ma
chine on a conveyor. The machine would then advance to set up again
for groove cutting. By using the correlations reported herein the thrust
and torque required for groove cutting and core breaking can be esti
mated.
An alternate method of cutting head application would be to cut
grooves horizontally and apply the core breakers vertically. Other ramifi
cations of the technique are undoubtedly possible.
We recognize that the results reported here represent little more than
a beginning. Additional work will be required before a continuous oil
shale miner becomes a reality. However, we hope that the feasibility dem
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Figure 12.
Penetration, inch
Groove cutting with horizontal cutter effect of penetration on bit pull.
ing. Progress in mining will help greatly in reducing the cost of shale oil
because of the large proportionate share of mining. Moreover, minimum
practical size of an oil shale venture is believed to be in the range of 40,000
to 75,000 tons per day and advancements in equipment at this level of op
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Figure 13. Groove cutting with horizontal cutter effect of penetration on bit thrust.
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Figure 14. Proposed cutting head for mining machine.
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PRELIMINARY DESIGN AND EVALUATION
of an
ALKIRK OIL SHALE MINER
William H. Hamilton
SUMMARY
The test program and subsequent engineering study which Lawrence
Machine and Manufacturing, Inc., performed for the Union Oil Company
of California confirmed the application of the Alkirk Pilot-Pull Principle
to a practical and economical oil shale miner. As designed, the Alkirk Oil
Shale Miner (MINER) (fig. 1) will be 30 feet in diameter and will mine
a total of 17,560 tons of oil shale per day on a two shift basis. Four
MINER'S will produce 56,800 tons of usable oil shale per calendar day.
(This figure has been adjusted for approximately 10 per cent by weight of
minus %-inch fines and 9.5 percent down time for major maintenance.)
This production is sufficient to sustain an economically feasible retort
operation.
The estimated unit price, assuming a purchase of four MINERS, is
$1,427,000, requiring a total equipment investment of $5,707,000.
The estimated direct operating cost of the MINER, including labor,
maintenance, depreciation, power and expendables, is 11 cents per ton.
This estimate does not include the cost of auxiliary equipment and serv
ices, ventilation, material haulage away from the machine, taxes, insur
ance or interest.
Because of the magnitude of a commercial oil shale operation and the
limited scope of previous studies, it is essential to pursue a pilot program
utilizing a small prototype MINER to:
1. Confirm laboratory test results under actual mining conditions.
2. Determine optimum values for design variables that signifi
cantly affect cost per ton of mined oil shale.
3. Develop the most efficient mining plan for the 30-foot MINER.
The prototype MINER proposed for the pilot program is 10 feet in
diameter and is similar to the 30-foot MINER, but designed specifically as
a development machine. Features such as variable cutterhead speed and
adjustable cutter spacing would be incorporated to facilitate testing oper
ations. The estimated cost of the prototype MINER is $505,000.
Chief Engineer, Lawrence Machine & Manufacturing, Inc., Seattle, Wash
ington.
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Based on the results of this engineering evaluation, Lawrence Machine
and Manufacturing. Inc., is confident that the continuous mining of oil
shale, in accordance with the operating principles described herein, is
mechanically feasible: and that this concept, after development, will result
in the most economical method of underground mining of oil shale.
INTRODUCTION
Believing the Alkirk Pilot-Pull Principle to have application to an oil
shale miner, the Union Oil Company authorized Lawrence Machine and
Manufacturing, Inc., to conduct oil shale cutting tests to gather essential
data for the design and evaluation of such a miner. This test program was
completed in December, 1963, and is described in Mr. Carver's paper.
Based on the favorable results of the test program, an engineering
study was authorized to develop an oil shale miner design concept, per
form a miner cost study and propose a prototype miner to be used in a
pilot program.




The Alkirk Oil Shale Miner (MINER) design is based on two funda
mental concepts: The Alkirk Pilot-Pull Principle (Appendix IV) and a
trepanning method of cutting oil shale.
In addition to providing a method of generating the axial thrust, the
use of the Alkirk Pilot-Pull Principle permits the MINER to incorporate a
stable large diameter shaft about which the main cutterhead can revolve
in a true circular motion. The principle also provides a method of steer
ing; the rear of the shaft can be displaced either horizontally or vertically
to pivot the MINER about a gimballed pilot anchor (packer) .
Trepanning is necessary because the Union Oil retort has limited tol
erance for material under I/3 inch in size. This method of cutting pro
duces a small percentage of chips less than \/% inch in size; most of the
shale is mechanically broken into larger pieces. Testing proved that the
physical characteristics of oil shale will permit this method of mining and
also yielded quantitative data necessary for equipment design.
Design
During the design study, three concepts were investigated: two were
cyclic and the third was a continuous process. The first concept investi
gated involved cutting radial grooves from a stepped pattern and break
ing the resulting cores in the direction of the axis of the miner. Drag bits
as well as carbide insert saw cutters were considered for cutting the radial
.grooves. This operation required the following steps:
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1. Radially advance cutters and cut grooves
2. Retract cutters
3. Axially advance breakers and break cores
4. Remove core material from cutting face
5. Repeat cycle
A design layout which illustrated the general arrangement of drive,
cutter, and breaker mechanism was made. However, this concept was
abandoned because:
1. The required drive and radial feed mechanisms for the cutters
were too complex for acceptable design, and were not readily
adaptable to the breaker structure.
2. The circular cutter cost and maintenance was too high to be
economically justified.
3. There was not adequate space between the pilot tube and the
first cutter step, because of the large radial displacement of the
cutters.
Design and economic studies were made on the second cyclical con
cept of cutting concentric grooves and radial core breaking. The initial
cost study appeared encouraging, and preliminary design layouts for
12-
foot and 30-foot diameter miners were made.
The cutter and breaker mechanisms, although complex, appeared feasi
ble. However, this concept was abandoned in favor of a configuration
which permits continuous production with fixed cutter tools and breakers,
eliminating both the cycling inherent in the prior concepts and the com
plex feed mechanisms. Thus, productivity is more than doubled in a
miner of much simpler design.
A 1/24 scale, wooden model of the MINER (fig. 2) was constructed
to aid in final design and cost estimating. The overall appearance of the
MINER and the general arrangement of major components is illustrated
in figure 3.
Description and Operation
A fundamental principle of the MINER operation is that cutting arms
advance axially into the tunnel face a constant distance for a given de
gree of rotation. The complete operation consists of continuous, simul
taneous actions of advancing, cutting, breaking, trimming, and removing
of material. The only intermittent motion of the MINER is the interrup
tion of the forward advance during the packer resetting operation. This
operation is analogous in some respects to a wood bit augering a hole
through a block of wood. The screw at the center pulls the bit into the
wood at a constant rate, while the cutting edges shave off a chip equal in
thickness to the advance of the screw. The helical shaped flutes then carry
the chips away from the cutting face.
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> ?
Figure 2. Wooden 1/24 scale model of MINER.
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Figure 3. MINER outline drawing.
The helical shaped two-arm cutterhead of the MINER trepans the
shale in a stepped pattern. It first cuts concentric, axial grooves with fixed
carbide tool bits. The resulting cores are then fractured by the rolling
breakers. If any cores fracture unevenly, the trimmers will shear the high
points. Since the cutters, breakers and trimmers are all fixed to the cut
terhead, the three actions take place simultaneously with respect to the
cutterhead and sequentially with respect to the oil shale in a continuous
process as illustrated in figure 4.
In addition to shearing the high points from the tunnel face, the trim
mers guide the broken cores rearward where they pile against the dam
until scooped up by the cutterhead buckets. The buckets then dump the
cores into the hopper which feeds the conveyor.
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CONVEYOR DRIVE
REAR VIEW
The cutterhead revolves on a large diameter pilot tube which is an
chored in the pilot hole with an expansible packer and is supported in the
rear with opposed horizontal rib jacks. When anchored in this manner,
it acts as a fixed, stable arbor for the cutterhead and can resist the more
than two million pounds of thrust required to trepan the 30-foot diameter
tunnel face.
The pilot cutter drill stem, which revolves inside the pilot tube, is
driven by four 75-horsepower motors through a gearbox at the rear of the
MINER. As the main cutterhead advances, the drill stem rotates and ad
vances the pilot cutter which bores the pilot hole. The material removed
by the pilot cutter passes through the hollow pilot tube and is discharged
at the rear of the machine.
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Fig. 4. MH4E& Operation.
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The cutterhead is driven by twenty-eight 125-horsepower motors
through the main gearbox. The 13,400,000 pound/foot torque reaction is
transmitted through the torque arrestors and dissipated by the horizontal
rib jacks. The folding action of the torque arrestors permits the
gearbox-
cutterhead structure to advance, relative to the jacks, while still transmit
ting torque.
The rib jacks are also used to impart a small radial displacement,
either horizontally or vertically to the rear of the pilot shaft for guiding the
machine. Displacing the rear of the pilot shaft in this manner pivots the
MINER about a point in the gimballed pilot packer, thereby maintaining
line or grade without inducing internal bending stresses. The vertical jacks
assume the off balance load imposed when the horizontal rib jacks are re
leased for advance. Horizontal rib jacks were utilized in this preliminary
design because the mining plan was unknown. Rib jacks in a vertical or
other arrangement could be used to accommodate a particular mining plan.
All electric and hydraulic controls are located in the operator's con
sole on the raised deck at the left rear side of the MINER. Electrical com
ponents, such as transformers, circuit breakers, motor starters, and hy
draulic power units and reservoirs are located below the rear deck.
The sequence of operations, starting with the packer engaged, hori
zontal jacks forward and engaged, vertical jacks retracted, and conveyor
running, is:
1. Power on cutterhead and pilot cutter.
2. Actuate main cylinder to advance cutterhead and pilot cutter.
MINER trepans and removes cores for duration of stroke.
3. Power off cutterhead and pilot cutter.
4. Set vertical jacks.
5. Release, advance, and reset horizontal jacks and packer.
6. Retract vertical jacks.
7. Repeat cycle.
Preliminary specifications for the MINER are listed in Appendix I.
COST STUDY
Scope
The manufacturing and direct operating costs for a 30-foot MINER
were studied.
Table 1 lists a complete breakdown of the estimated manufacturing
cost (for one and four MINERS) .
Table 2 lists estimated MINER operating cost exclusive of insurance,
taxes, overhead, and interest. The cost of auxiliary equipment and services
such as electrical power, ventilation, and haulage is also excluded. Refer
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Pilot Bit Boring. The pilot bit bores a hole in




Anchoring. The packer expands to anchor the
forward end of the pilot tube, and the rib jacks
are set.
Cutterhead Starting. Hydraulic force, working
against the fixed packer, pulls the rotating
cutterhead and pushes the rotating pilot bit for
ward into the material.
Cycle Completed. The MINER ts ready to
advance and reset the packer and rib jacks to
resume the mining operation.
Turn Starting. The rib jacks displace the rear of
the pilot tube, which pivots the MINER about the
gimballed packer to assume a new line and grade.
Turn Completed. The rib jacks maintain the pilot
tube displacement as required to hold the new
line and grade.
to Appendix III for additional supporting data. This tabulation is based
on the operation of four 30-foot MINERS, two shifts per day, 330 oper
ating days per year. It assumes:
1. The useful life of each MINER will be ten years.
2. Power will cost $0.0075 per kilowatt hour.
3. Breaker life will be 11-Vz days.
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Table 1. MINERS manufacturing cost























at $15.00 per hour....
$ 13,500
270,000 $ 270,000









200 man hours at
$12.43 per hour
Nonrecurring













Recurring 584,000 584,000 584,000 2,336,000
TOTAL $1,669,520 $1,344,986 $5,706,878










Mined Oil % of Total
Shale Cost
































SPARES 343,000 940 0.0165 15.00
LABOR
Wages 450,000 1,233 0.0217 19.70
Welfare payments 135,000 370 0.0065 5.90
TOTAL $2,282,150 $6,260 $0.1100 100.00
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4. Maintenance expense will average $20.00 per hour of opera
tion (based on Lawrence Machine's experience with heavy
machinery) . (See figure 5) .
5. Operating cost per ton is based on mined material over % inch
in size.
Factors Affecting Operating Cost
When decisions based on estimated cost must be made, it is necessary
to evaluate the effect a change in variables will produce. The effects on
the cost per ton of mined oil shale caused by changes in estimated MINER
manufacturing cost, maintenance cost, cutter cost, and MINER utilization
are graphically illustrated in figures 6 through 9.
Manufacturing Cost
The estimated manufacturing cost is based on Lawrence Machine's ex
perience with similar heavy equipment. Should the actual cost exceed the
estimated cost by as much as 25 per cent, the cost per ton of mined shale
would only increase 0.69 cent (see fig. 6) .
Maintenance Cost
The estimated maintenance cost is based on the estimated MINER
weight and actual maintenance costs incurred by other heavy equipment
(see fig. 5). Should the actual cost exceed the estimated cost by as much
as 25 per cent, the cost per ton would only increase 0.41 cent (see fig. 7) .
Cutter Cost
The estimated main cutter bit unit cost, based on consultation with
several carbide manufacturers, is 25 cents. Should the actual cost exceed
this estimate by as much as 25 per cent, the cost per ton would only in
crease 0.31 cent (see fig. 8).
MINER Utilization
The estimated cost per ton of mined shale is based on the use of four
MINERS, working 6V2 hours per shift for two shifts per day. If the
MINERS are operated for only one shift, the cost per ton would increase
2.79 cents (see fig. 9). However, if the MINERS are operated on a three
shift basis, the cost per ton would decrease 0.83 cent.
PILOT PROGRAM
Scope
A miner designed on the basis of the test program and engineering
study described
in Mr. Carver's paper appears practical, and could be
constructed and operated with a limited amount of engineering tests.
64 Quarterly of the Colorado School of Mines
1. CATERPILLAR ROAD GRADER NO. 14 - 30,000 LBS - S1.69/HR
2. CATERPILLAR D-9 - 100,000 LBS - S4.65/HR
-3. CATERPILLAR WHEEL LOADER NO. 998 - 64,000 LBS - S3.21/HR
4. BUCYRIS-ERIE 5 YD SHOVEL MODEL 88-B
- 269,000 LBS - S7.20/HR
BUCYRIS-ERIE DRAG LINE MODEL 88-B - 215,000 LBS
- 53.80/HR
RIVERTON QUARRY N.W. MODEL 6 SHOVEL - 110,000 LBS
- $2.28/HR
7. G.N. SWITCH ENGINE - 250,000 LBS
- $1.75/HR
10 15 20 25 30 35
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ORIGINAL MACHINE PRICE - MILLIONS OF DOLLARS
Fig. 6 Cost Per Ton of Mined Shale vs Original MINER Cost

















Fig. 7 Cost Per Ton of Mined Shale vs MINER Maintenance Cost
21 22 23 24













UNIT COST OF MAIN CUTTER BITS - CENTS








SHIFTS OPERATED PER DAY WITH FOUR MINER'S
Fig. 9 Cost Per Ton of Mined Shale vs MINER Utilization
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However, because of the magnitude of the oil shale program, it would be
beneficial to pursue a pilot program. During this program, the following
specific information could be determined or confirmed:
1. Confirm laboratory test results under actual mining conditions.
2. Determine best method of overall MINER operation (mining
plan, bit changing sequence, operating crew rotation, main
tenance, power transmission, material haulage) .
3. Determine optimum machine production data (trade-off study
of cutter speed, cutter penetration, cutter life, carbide type,
core size, etc., which will affect the cost
per ton of mined
shale) .
4. Confirm engineering design data (torque requirements, thrust
requirements, maintenance requirements, bearing and bushing
wear, cutter and breaker configuration, hydraulic cooling re
quirements) .
Even relatively minor changes in the test values
obtained may pro
duce significant savings when the high tonnage rates involved are consid
ered. For example, if the core size could be increased 10 per cent, a pro
portional reduction in the following items of cost would be obtained:
power, main cutters, breakers, and trimmers. These elements now ac
count for 34.2 percent of the total operating cost. With these potential sav
ings, it is important that the machine design be based on optimum values
which can be obtained only through a pilot program.
The prototype MINER (fig. 10) proposed for use in the pilot pro
gram will be scaled down in some areas to minimize both initial and oper
ational costs, but will maintain full scale characteristics in other areas to
exactly simulate mining characteristics of the 30-foot MINER.
Design Requirements
The proper penetration for breaking a particular core is assumed to
be some function of the core thickness. Since 6-inch cores are proposed on
the 30-foot MINER, the prototype MINER will be designed to break cores
ranging in thickness above and below 6 inches. The method of breaking
will be exactly identical to that proposed on the 30-foot MINER. By pre
serving the full scale core size and machine advance properties, all break
ing data can be verified, and new cutter data that is directly applicable to
commercial operation, can be developed.
The arm configuration also will be identical to the 30-foot MINER.
Although revolving about a smaller radius, the cutterhead buckets will
travel at the same speed and should give a good indication of the practi
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To achieve flexibility of operation, all drive components will be hy
draulically operated. Thus, mining characteristics can be studied at var
ious cutter speeds and feeds.
Operating Description
The general arrangement of the prototype MINER will be similar to
the 30-foot MINER previously described. Its operation will be identical.
The 10-foot diameter, two armed helix cutterhead will trepan the face,
auger the cores rearward where the cutterhead buckets will pick them up
and dump them into the hopper feeding the conveyor.
The cutterhead gearbox will incorporate hydraulic motors. The hori
zontal and vertical jacks and the pilot cutter drive (also hydraulic) will
be smaller versions of those on the 30-foot MINER. The suspension sys




Cutterhead Diameter 360 inches
Inner Main Cutter Diameter 551/4 inches
Intermediate Main Cutter Diameter
Diameters from steps number 2 thru 23
are 131/4 inches greater than preceding
Pilot Hole Diameter 42 inches
Packer Diameter 42 inches
Core Diameter 18 inches
Length Overall 53 feet
Estimated Weight 260 tons
Cutter Data
Main Cutters:
0.070 inch chip thickness
110 feet per minute outside cutter (step No. 24) speed
17 feet per minute inside cutter (step No. 1) speed
86 cutters per step, 2064 cutters total
0.625 inch diameter. 0.125 inch thick, 7 degree negative
rake carbide, grade to be determined bv further test.
Pilot Cutters:
10 radial cutters (2 six-inch long segments each)
0.070 inch chip thickness
110 feet per minute maximum speed
Vi x 3/16 X 6 inch carbide, grade to be determined
by further test.
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xMINER Advance
Main Cutter Arms:
7 inches per minute advance rate
1.17 revolutions per minute
6 inches per revolution axial
30.6 feet per hour
199 feet per shift*
2,064,000 pounds thrust required
Pilot Cutter:
7 inches per minute advance rate
10 revolutions per minute




Material removed per revolution (gross) :
354 cubic feet
22 tons
Material removed per hour (gross) :
21,600 cubic feet
1,350 tons
Material removed per shift (gross) :
141,000 cubic feet
8,780 tons
Material removed per working day (on basis of 2 shifts) :
282,000 cubic feet (gross)
17,560 tons (gross)
253,000 cubic feet (material over V% inch)
15,700 tons (material over V inch)
Material Handling
Hopper :
Total volume 420 cubic feet
Discharge rate 1,350 tons per hour
Conveyor :
Width 4 feet
Belt speed 300 feet per minute
Normal load 1,350 tons per hour
Maximum capacity 1,720 tons per hour
* This value assumes a downtime approximately 20% of an 8 hour shift.
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Power Required
Main Cutters 3,500 horsepower
Pilot Cutter 285 horsepower









N = Revolutions per minute
n = number of cutters
t = chip thickness . . . inches
Va= axial velocity . . . inches per minute
Vt tangential velocity of cutters . . . feet per minute
Q = torque . . . pounds feet
T = thrust . . . pounds
HP = horsepower
A = area . . . square feet
Required RPM
N = 110X 12
= 1.17 rpm
360tt
Cutting a lead of 6 inches per revolution
Va= 6 X 1.17 = 7 in/min









Adding 0.5 minutes every four revolutions (2 feet of advance)
for jack and packer advance.
4 x 0.855 = 3.420
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Resulting in 30.6 feet per hour.
Totalmaterial removed including fines
tt (15)
2
(30.6) = 21,600 ft3/hr.












7.5 + 65.2 = 72.7
ft2
Total area of face is
tt
(15)2 = 710ft2
Percent of material over Vs inch
72.7
= 0.102 = 10.2%
710
100 - 10.2 = 89.8%
Material over Vs inch
0.898 X 21,600 = 19,400 ft3/hr.





Hours of operation assuming 40,000 foot bit life
Outer cutter:
30 tt = 94 feet/rev
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This is the longest time the machine can operate without a bit
change. Six and one-half (6V2) hours was assumed as the hours
of operation per 8 hour working shift.
Material per shift exclusive of fines :
6.5 X 1,220 = 7, 930 tons/shift
Power requirement
Total torque:
750 pounds per cutter (measured in test)
Summation of radii to each cutter step
= 2492.5 inches
^
750 X 86 X 2492.5
Q = = 13,400,000 pound-feet
Cutting horsepower (main cutter)




The power necessary to lift the broken material in the buckets




15.3 X 4 X 2
= 22,000 pounds/bucket
22,000 X 15 = 330,000 pound-feet
Resulting power requirement is,
ttt^




Total power to be provided at cutting head, assuming an over
load factor of 15%
(2980 + 73.5) (1.15) = 3500 HP
Thrust
1000 pounds per cutter (measured in test)
2064 X 1000 = 2,064,000 pounds
PILOT CUTTER
Pilot Power
Advance rate same as main cutters
110 X 12
N =_^__ = 10 rpm




















Cutters 12 inches long
@ 1000 pounds/inch cutter force (calculated from test
data)
Force per cutter










At 1000 pounds per inch thrust (calculated from test data)
T = 1000 X 10 X 12 = 120,000 pounds
Electrical Power
Total HP = 3855 (includes power for hydraulics and conveyor)
3855 X 0.746 = 2880 kw per machine
Four machines working two shifts per day
2880 X 4 X 13 = 150,000 kwh per working day.
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APPENDIX III
TABULATION OF DIRECT OPERATING COSTS
Annual Cost per Cost per % Total










Main Cutters 3500 hp
Pilot Cutters 285 hp
Aux Hydraulic 50 hp
Conveyor 20 hp
3855 hp
Rate = $0.0075 per kwh
4 X 3855 x .746 X 13 X 330
X .0075 = $370,000 370,000 1,014 0.0178 16.20
2) Bits:
Main Cutters* according to
bit change schedule, an av
erage of 785 inserts are used
per machine per day :
785 X 4 X 0.25 X 330 =
$259,000 259,000 710 0.0125 11.37
Pilot Cutters average 5
cutters per shift per machine
at $3.50 per cutter :
5 X 4 x 2 X $3.50 X 330 =
$46,200 46,200 127 0.0022 2.00
3) Breakers:
Breakers to last 150 hours or
150
00 , .r
-r-r 23 shifts or 11% days.
$20. for roller, $4.30 for
bearing,
$24.30 X 24 X 4 X 330
11.5
= $67,000 $ 67,000 $ 184 $0.0032 2.90
4) Hydraulic Oil, Lubrication Oil :
$150 per month
$1,650 per year 1,650 4
* See Bit Replacement Schedule following this table.
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TABULATION OF DIRECT OPERATING COSTS (Continued)
Annual Cost per Cost per % Total
Cost Cat Day Ton Cost
5) Trimmers
$15 each to be changed ev
ery 12 days:
24 X 4 X 15 X 330
j2
=$39,600.... 39,600 108 0.0019 1.73
MAINTENANCE AND SPARES:
Assume $20 per hr. per machine
maintenance cost




descr. reqd. rate day
Operator 1 $3.25 $ 52.00
Helper 2 3.00 96.00
Bit Changers 4 3.00 192.00
$340.00
340 X 4 X 330 = $450,000 450,000 1,233 0.0217 19.70
Welfare Payments:
0.3 X 450,000 = $135,000 135,000 370 0.0065 5.90
TOTAL $2,282,150 $6,260 $0.1100 100.00
BIT REPLACEMENT SCHEDULE








































= 785 per working day
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APPENDIX IV
The Alkirk Pilot-Pull Principle is a patented mechanical principle that
can be utilized in the design of large or small diameter boring and exca
vating machines.
Although this basic principle was developed in connection with coal
mining equipment, it can be applied to the design of many other types
of machines, including machines for tunneling, drilling, deep wells, core
sampling, drilling concrete, sinking large vertical shafts, etc.
A boring machine operating on this principle pulls itself forward into
the material by means of a packer that is anchored in the material ahead
of the machine. As the machine pulls itself forward, the cutting tools re
volve concentrically around a pilot tube which is attached to the packer
and supported at the rear by rib jacks. The rib jacks provide the required
stability and a means of steering the machine to maintain the desired line
and grade. The complete operation is illustrated in the following figures.
APPENDIX V
SPECIFICATIONS OF PROTOTYPE MINER
Dimensions
Tunnel Diameter 121Vz inches
*
Inner Main Cutter Diameter 42 inches
Intermediate Cutters Diameters





Pilot Hole Diameter 29% inches
Packer Diameter 29% inches
Core Diameter 13% inches
Length Overall 50 feet (with trailer)
Estimated Weight 80 tons
Cutter Data
*Main Cutters:
0.070 inch chip thickness
110 feet per minute outer cutter speed
86 cutters per step, 602 cutters total
0.625 diameter, 0.125 thick, 7 degree negative rake carbide,
grade to be determined
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*
Pilot Cutters:
14 radial cutters, 2 four-inch long segments each
0.070 chip thickness
110 feet per minute speed
Vz x 3/16 x 4 inch carbide, grade to be determined
Machine Advance
*Main Cutter Arms:
20.7 inches per minute advance rate
3.45 revolutions per minute
6 inches per revolution axial
602,000 pound thrust required
*
Pilot Cutter:
20.7 inches per minute advance rate






2.5 tons per revolution
40 cubic feet per revolution
8,300 cubic feet per hour
519 tons per hour
Power Required
Main cutters 1,020 horsepower
Pilot cutters 220 horsepower





Carver, Harold E., 1965, Oil shale mining: A new possibility for mechanization:
Presented, Second Oil Shale Symposium, Denver, April 22.
* Prototype MINER will incorporate provisions to vary these values during test.
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DISCUSSION
Question: Mr. Hamilton, is this the same company that's developed
the mechanical miner for this operation in New York City?
Hamilton: That's correct.
Question: How is that one operating? Is it designed similar to this,
or is it quite different?
Hamilton: It's very similar to this, except for the cutter-head. The
cutter-head is quite different.
Question: Do you have any results on that?
Hamilton: Yes. The MINER (or the Tunneler) has completed 400
feet of tunnel. Due to many problems that have developed, some of
which were in the MINER, some of which were in other areas, the
machine has been removed from that project. But the important thing is
that it has proved its ability to bore through very hard rock, particularly
to maintain line and grade, which is so important. In this project there
actually was a 1000-foot radius turn. The machine started into this
turn, and the control of the machine was perfect at all times. This was
very important.
Question: In comparison with the type of rock that was going
through, how does that compare with the oil shale that you're talking
about?
Hamilton: Much harder rock. It's about seven on the Moh scale.
It's a granite, a quartzite type of rock that was very hard.
Question: Do you plan on putting out some figures on that later?
Hamilton: Yes, we do have figures that would be available. If you'd
like to write me, Fd be glad to give you as much information as I can.
Jack East: How do you handle the dust situation?
Hamilton: The dust situation we are proposing would be handled
by small water sprays containing possible detergents or foam. There
has been quite a bit of success in this area, and we would propose doing
the same thing.
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East: What you showed there today is a 30-foot cut. Suppose you're
going to mine a 72-foot bed like the Bureau of Mines did?
Hamilton: This would be part of the mining plan, which I am not
capable of speaking on.
East : Thank you.
Question: Mr. Carver mentioned that the laminated character of the
shale had an important effect on the results obtained in initial experi
ments. Just how does this affect the large scale model? Is this an im
portant factor .... the laminated character of the shale bed?
Hamilton: I would say so. The model is based on the way that the
shale was cut, and particularly the way it broke under the action of the
roller breaker. The MINER design is based on the results from that
test .... that it does fracture very well, leaving only tag ends across
the fracture line, which can be easily trimmed off.
Question: Mr. Hamilton, on what grade did you base these cost
data? On 30 gallon, or 15, or 50, or what? What grade of shale do
you consider this cost can be?
Hamilton: This was the same grade that we ran in the cutter test.
Question: Yes, but your cutter tests were 15-40 gallons, as I recall.
Hamilton: This is correct.
Question: Didn't you get a variance in cutter life and a few other
things on the basis of grade?
Hamilton: Harold, would you like to answer that?
Harold Carver: The assays we had there on cuttings can only be
taken as representative of the actual cuttings made and cannot be taken
as the average assay for the whole block, because oil shale, as you
know, has quite a variation of assay with thickness. We were not able
to detect, in the regression results, any significant effect of the assay on
our cutting results, possibly because the
samples we took could only apply
to the cuttings as they were made.
Jim Allen (Utah Const, and Mining) : I had a question in regard
to these laminations. I'm not clear in my mind as to whether or not you
approached this as you would a horizontal drilling or a vertical drilling
of a tunnel into oil shale.
Hamilton: I am not sure I fully understand the question.




Question: The normal operation into a tunnel would be at parallel
to these laminations.
Hamilton: That's right.
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Question: And is this the approach you made with your machine?
Hamilton: Yes, it is, in that here again we base this on the cutting
test, and the cutting test did cut the shale across the
laminations in the
same manner as the full scale model would operate.
Question: Mr. Hamilton, would you care to enlarge on this next step
that you talked about .... the 12-foot prototype unit? Do you have
in mind how big an effort and how much the prototype would most
likely cost, etc.?
Hamilton: Yes, I have some figures here . . . (estimates). The
manufacturing cost estimate break-down for a prototype MINER of the
type I'm talking about, would be roughly $500,000.
Dave Lombard of Lawrence Radiation Lab.: Would the cutter that
you have designed work on a substantially harder rock?
Hamilton: This is very difficult to say. It would have to be tested.
Off-hand, I wouldn't think it would. Drag type bits have not been suc
cessful in, for instance, the type of rock we were boring in New York,
where we were using a carbide roller cutter.
Question: In the tests that were run on the positive vs. the negative
rake, the positive tests were run on triangular bit and the negative on a
circular bit. Was there any particular reason that you didn't go back and
run a test on circular bit on the positive rake?
Hamilton: Hal, (Carver) . . . that's one for you.
Carver: No, I don't think there was any particular reason. When we
had success on the negative rake we felt we had increased our bit life so
much by this procedure, that we didn't go back and make a check on the
other test because we were running out, somewhat, of our oil shale stock.
We were cutting up at a pretty rapid rate, and were terminating the pro
gram.
Question: Bill (Hamilton), I'd like to ask you this. As I understand
this principle, a pilot bit bores a hole, the packer moves forward and
takes a grip on the hole, and pulls the machine forward. What would
happen in the event that you got into a vug? We know there are vugs that
exist in the shale measure, or in the fractured ground where the packer,
in essence, couldn't grip the hole, or else might pull a chunk out of it. How
could you move the machine forward?
Hamilton: In this machine the rib-jacks and the anchor are tied to
gether such that when they move, we aren't depending solely on the an
chor for the thrust. If there was a void where the anchor was, the rib
jack would still move the machine forward. Fractured areas do not al
ways affect the anchor adversely. The fact that it's a hole, and the ma
terial is confined, well, it's similar to roof bolting where you can roof
bolt into loose fractured material. But if there is a void, you definitely
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have problems hol.ding the anchor, and you'd have to push from the rib
jacks until you were through that bad area. Obviously, if it were bad
enough, why, you would have to, by conventional methods, move forward
into a good spot.
Question: Did you check (?) the machine's performance, I mean its
productivity, during a period that you were forced to advance with the
jacks?
Hamilton: No. On this machine or any machine we build in the fu
ture, we'd be able to push from the rib jacks with the same thrust that we
pull from the anchor. This was one thing that we found in our New York
project: that where we could not do this (push with equal thrust from the
rib jacks), and if we had any problems with the anchor at all, why, we're
only pushing with limited thrust This was a very definite disadvantage.
So, any future machines we build will have the same thrust capability
from the rib jacks as they do from the anchor.
Question: Must all the parts of the cutters and trimmers function
perfectly . . . otherwise, the machine be shut down? In other words, if
there's a defective cutter edge or break in a cutter edge, would this mean
that the whole machine would have to be shut down?
Hamilton: No. I say no I don't think so. This would be one area
that would take some more investigation, certainly. But, where we do have
rollers, we will probably have multiple rollers. And where we have the
trepanning cutters, we would probably have extra cutters to allow for
this. Obviously, if one trepanning cutter were missing entirely, the next
cutter would have to take twice the cut, which, in the testing we did,
/shows that this in itself would not be a problem over the life of that
particular cutter. But it certainly would take more investigation and re
search.
 
MINING COLORADO OIL SHALE
Tell Ertl
Since those of you attending the Second Oil Shale Symposium have
considerable knowledge of the extent and quality of the oil shale of the
Piceance Creek Basin of Western Colorado, the deposit will not be ex
plained in this paper.
In the region of Parachute Creek, northerly from Grand Valley as far
north as the South end of Township 3 South, most of the oil shale is owned
privately either as patented or unpatented mining claims or as the U.S.
Naval Oil Shale Reserve. In this region dozens of holes have been drilled
for core but few have penetrated the Green River Formation deeper than
the Mahogany Ledge. The holes have revealed the Mahogany Ledge to be
from 60 to 100 feet in thickness, capable of yielding 30 or more gallons
per ton. The Ledge is everywhere overlain by a section about 400 feet
thick that averages about 15 gallons a ton.
During the past twenty years two underground mines have been
opened in the Mahogany Ledge and the writer was in a position of re
sponsibility in both the projects. A third mine now is being opened by
Colony Development Company under the direction of a vigorous and most
competent group of mining engineers. Several changes in ideas
have oc
curred during these two decades.
First, the contemplated oil shale throughput of a single plant has risen
from 5,000 tons a day to present expectations of 60,000 to 100,000 tons a
day. Part of the reason for the change is the practical confirmation that
oil shale can be mined from a large room of which the roof is supported
by pillars, comparable to a quarry with a roof. Because of the uniformity
and regularity of the deposit it lends itself to large-scale,
low-cost mining.
Second, no longer does one expect to begin mining the entire Mahog
any Ledge section as a unit. To
repeat the history of most mineral depos
its the richest portion will be mined first. The richest portion in the re
gion northerly of Grand Valley extends from a roof a few feet
below the
well-known Mahogany Marker to a floor about 36 feet below the
marker.
The inital oil shale room then may be a little over 30 feet
high.
The oil shale mined initially may yield 35 to 40 gallons a ton of
which
sixteen cubic feet constitute a ton. Each square foot of floor space in the
mine will yield two tons. To produce 75- to 80,000 tons a day of oil shale
will require 1.8 acres of mined area. Studies by the Bureau of Mines have
President, Energy Resources Technology Land, Inc., Boulder,
Colorado.
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showed that a high safety factor is achieved by having 25 per
cent of the
bed as pillar to support the roof. Therefore the advance through the
property will be at a rate of 2.5 acres per day.
The oil shale deposit is well known. No chance exists that parallel
Mahogany Ledges will be discovered. Therefore a conservative investor
has to see 20 years of rich ore ahead of him to make his investment. At
350 days a year, the land required to yield 75-80,000 tons a day for 20
years from the richest part of the Mahogany Ledge is in the order of
17,500 acres. The rich oil shale northerly of Grand Valley therefore
should be blocked out, bought and sold, traded or unitized into continuous,
compact blocks of about 15-to 20,000 acres.
Oil shale because of its uniform physical qualities, because the beds
lie flat, and because the material is so strong that large rooms can be
mined safely, lends itself to mechanization, automation and consequently
low mining costs. Even with the small amount of technological thought
given to oil shale mining to date, competent engineers expect production
of 200 or 300 tons per shift per man employed. Twenty years ago a coal
miner produced only five tons a shift. Today he is producing twenty tons
per shift. Coal is thin bedded and does not permit so ready a use of large,
powerful machinery as can be used in an oil shale mine. Oil shale mining
technology will advance rapidly and mining costs will be reduced well be
low the costs that are prognosticated today.
Not only will the improved technology reduce the cost of mining but it
will permit a higher percentage of extraction than the 75 per cent conserv
atively calculated by the Bureau of Mines. Improved technology, then,
also will work toward greater conservation of the resource.
The lowered mining cost will have two results. It will make shale oil
liquid fuels increasingly less expensive to the American public, and will
make profitable the mining of lower grade oil shale. The first step in min
ing lower grade oil shale will be to mine the Mahogany Ledge above and
below the original opening. This will be done by mining out the floor and
by taking down the roof of the original room. Consequently the 15-to
20,000 acre mine will yield, when the rest of the Mahogany Ledge is
mined, twice as much again as from the initial heading. The life of the
operation could be extended an additional 40 years with no decrease in
daily tonnage but with a decrease in daily extraction of shale oil. The sec
ond step in mining lower grade oil shale will be to mine the oil shale
above and below the Mahogany Ledge. As this reserve is mined commer
cially the tonnage reserve of the property may be increased by a factor of
as high as ten.
Does this mean that an initial property need not contain 15-to 20,000
acres? In 1945 a 5,000 ton a day property seemed reasonable and in 1965
a 60-to 100,000 ton a day operation seems proper . The increased demand
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and consumption of liquid fuels and the improvement in technology, will
make economic and desirable, perhaps in a decade after initial commer
cial operation, a 200,000 ton a day underground operation and in a quar
ter century perhaps a 500,000 ton a day operation. Every few years as a
thicker section of the oil shale deposit is mined and as lower grade oil
shale is fed to the retorts, the output of the mine and the throughput of
the plant will be increased. The production of shale oil, however, will not
increase proportionately to the tonnage throughput of the plant. The
500,000 tons a day may yield only twice as much oil per day as the orig
inal 75- to 80,000 ton a day plant.
If the oil shale industry were not to follow such a path of development,
it would be an exception to the history of the development of large, low-
grade mineral deposits. Therefore, it seems desirable that a minable oil
shale property in the private land north of Grand Valley ought to contain
in the order of 15-to 20,000 acres of the Mahogany Ledge.
The part of the Piceance Creek oil shale basin owned privately is esti
mated to contain about ten per cent of the oil shale reserve. Even this
small percentage probably will yield 100 billion barrels of liquid fuels.
One hundred billion barrels is in the order of three times present proved
producible reserves of petroleum in the United States.
The chief reserve of Piceance Creek Basin oil shale, a resource that
may well yield 1,000 billion barrels, lies in the center of the basin norther
ly of Township 4 South. The Federal Government incontestably owns the
overwhelming majority of the resource. Private companies and individ
uals own strips of oil shale that were granted prior to 1914 along with the
grass and surface to homesteaders.
As a point of reference for the discussion the oil shale cross sections of
the basin as published in Bureau of Mines Bulletin 611, Oil Shale Mining,
by J. H. East, Jr., and E. D. Gardner, are considered. Again this audience
is presumed to be familiar with the oil shale deposit and the illustrations
in the East-Gardner bulletin.
The cores and cuttings recovered from holes drilled in the center of
the basin reveal that thick sections of rich oil shale exist below the Ma
hogany Ledge. Some of the sections are richer and thicker than the Ma
hogany Ledge and are found at depths not out of range of efficient and
low cost shaft mining. The oil shale appears to be strong but the composi
tion and characteristics differ slightly from that of the Mahogany Ledge.
Not enough work has been done to determine whether the deep beds can be
mined effectively by the method developed for the Mahogany Ledge.
The matter of mining, by underground methods, the rich, deep oil shale
beds in the center of the basin probably needs little consideration because
better methods of producing the resource appear to be at hand. If our
civilization has any conscience and if it has any regard for posterity it
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cannot give serious consideration to any method of
production of shale
oil from the center of the basin that does not result in substantially com
plete recovery. Our civilization has passed the stage in which it can kill
the whole buffalo merely to consume the tongue and liver as was done in
this area less than a century ago.
What is the alternative to deep mining and other low recovery meth
ods? The alternative is strip mining. The cross-sections show that over a
large area of the center of the basin a continuous bed up to 2,000 feet
thick averages 25 gallons a ton. Over much of the bed the overburden
probably averages less than 1,000 feet thick. Furthermore, what the East-
Gardner cross sections call overburden also includes oil shale.
If the oil shale in the overburden is disregarded in initial mining of
the thick rich oil shale of the center of the basin, the ratio of material to
be stripped to oil shale that is mined still will be in the order of one-half
to one. Few large low-grade mineral deposits being stripped commercially
today are so favorably situated that the amount to be stripped is less than
the amount to be mined.
Since the stripping of the rich deep oil shale is so favorable why have
so few advocated stripping of the overburden and mining the oil shale by
surface methods to achieve complete recovery? The reason is that strip
ping of 1,000 feet of overburden before the commencement of mining is
a prodigious and costly task. But the task is no more prodigious than the
resource to be tapped. Those in the future who will do the j ob will chuckle
at the hesitancy of our generation to acknowledge that stripping is the ra
tional and conservative method to develop the rich, thick, deep oil shale
in the center of the basin.
How big is the job? It is bigger than any stripping job yet under
taken in the world. The Germans in the Rhine Valley have plans for and
already may be stripping 250 meters of overburden to reach the thick
lignite beds in the area. There the world's largest conveyor belts are in
use. A technology to fit the deep oil shale also can, will and must be de
veloped.
Some day the atomic energy people may set bombs at strategic loca
tions and blow away the overburden leaving the oil shale bared for instant
development. Until the technology and the legality of atomic removal of
the overburden is resolved, the job still can be done economically by ex
tensions of conventional methods.
An assumption can be made that a pit can be excavated with sides
standing at an angle of 45 degrees and that the pit is excavated as a cone
with a circular cross section. Oil shale is strong and 45 degree sides ap
pear reasonable. Where the overburden is 1,000 feet thick, before a pound
of oil shale can be excavated, 55 million solid cubic yards, about 100 mil
lion tons, will have to be removed and hauled to a disposal site. The
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largest mine in the world, Kennecott Copper's open pit in Bingham Canyon,
Utah, moves that amount each year.
As the circular pit is enlarged and deepened, still with 45-degree sides,
an additional 670 million solid cubic yards will be removed and stacked
while 500 million tons of oil shale are mined. At this stage the circular
pit will have reached the bottom of the oil shale deposit, 3,000 feet below
the original surface.
Production of oil shale would have been increased to 150,000 tons a
day yielding about 80,000 barrels of shale oil each day. Without presum
ing the figure has any validity, because each site and situation must be
appraised separately, an assumption can be made that stripping and dis
posal of overburden cost 25 cents per cubic yard, and that mining, prepar
ation of oil shale and disposal of spent shale cost 25 cents a ton.
Stripping cost 725 million cubic yards @ 25c = $181 million
Mining cost 500 million tons @ 25c = 125 million
Total mining cost $306 million
Recovery will total nearly 300,000,000 barrels of shale oil.
The massive initial stripping and mining effort then costs over a dollar
a barrel of shale oil recovered. Similar expenditures for underground min
ing will result in mining costs per barrel of half the amount spent on strip
mining. At this stage the economics appear to favor underground mining.
Despite the roughly billion cubic yards moved at a cost of a third of
a billion dollars, the crater created in the plateau is only 6,000 feet in diam
eter, has an area of a square mile and is 3,000 feet deep.
As the pit is excavated from a diameter of 6,000 feet to 10,000 feet,
1,300 million cubic yards of overburden must be mined and stored, while
over 3,000 million tons of oil shale are mined and 1,800 million barrels of
shale oil are produced. Using the same guestimate cost figures as for the
6,000-foot diameter pit, it is found that the mining expenditures are:
1,300 million cubic yards at 25 cents = $325 million
3,100 million tons at 25 cents = 775 million
Total mining cost $1,100 million
Since 1,800 million barrels of shale oil are produced the cost of mining
has been reduced from more than a dollar a barrel in the initial stripping
stage to about sixty cents a barrel. Mining costs approach those achiev
able by underground methods.
The open pit at this stage is an inverted truncated cone. The bottom of
the pit is a flat circular area 4,000 feet in diameter. The bottom of the pit
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becomes available for piling spent oil shale thus reducing
disposal costs
and initiating the program of restoring and improving the land. As the pit
is increased in diameter from 10,000 feet the ratio of overburden removed
to oil shale mined continuously decreases. Mining costs per barrel of shale
oil produced will decrease and will become less than the cost of mining by
underground methods.
This exercise indicates clearly, 1) that the rich, thick oil shale of the
center of the basin should be mined from an open pit to achieve maximum
use of the resource, 2) that the cost of mining and full recovery in the
long run will not be high and may well be much lower than mining by
underground methods, 3) that to achieve low costs by open pit mining of
the oil shale of the center of the basin will require developmental expendi
tures in the order of a half billion dollars, 4) that the shale industry, oper
ating on the thick, rich oil shale, can, as part of the industrial operation,
where mining is completed, recreate a terrain, a soil and an environment
that will be more useful, productive and attractive than it is today.
To achieve the high recovery of oil and the reclamation and improve
ment of the Piceance Creek Basin after the removal of the oil will require
cooperation of many landowners and vast landholdings. Where will the
overburden from initial stripping operations be piled? Shall it be piled
far from the pit, over the edge of the Piceance Creek Basin rim on land
not underlain by valuable oil shale deposits? Shall it be piled on adjacent
oil shale land, then later returned to its original location? Since it is ob
vious that one open pit operation for the whole reserve would be most
economical, what number of open pit operations will be the most desir
able? How will the decision be made on what land an operation should
be initiated and on what land the overburden should be stacked? Will
the private lands be unitized with the Federal lands?
The technological questions are straightforward and future engineers
will solve them to produce liquid fuels at comparatively low costs. The
financial problems also will be handled imaginatively and profitably by
the financial community. The problems that will agonize the industry
most are the legal and political problems. These will require the develop
ment of new non-petroleum legislation, rules and methods of procedure.
The oil shale industry, which already seems on the way with the
Colony development on Parachute Creek, can and will begin on the
private lands provided the Federal Government does not undertake an
ill-advised, hurried, competitive step that would result in a low-cost,
but wasteful operation on the Federal lands. As the industry develops
on the private land, oil shale wisdom will be generated, oil shale engineers,
bankers, economists, and governmental experts will grow up understand
ing and appreciating the new industrial environment. These people will
be the ones to nurture the present embryonic oil shale industry. They
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will meet our growing needs of liquid fuels, at declining costs, with a
minimum of waste of the resource and with full knowledge that our
civilization demands the preservation of the beauty and usefulness of
the land to insure continued pursuit of happiness for our progeny.
DISCUSSION
Question: Does the 60c figure that you got down to when the diam
eters got to the 10,000 feet include treatment, or just what items were in
that, Dr. Ertl?
Ertl: The 60c figure was only for mining. And that is 60c per
barrel, not 60c a ton, as a figure for the mining cost. The cost of retort
ing and treatment is on top of that.
Question: Disposal also?
Ertl: Yes, certainly disposal. Disposal is one of the parts of the
mining problem.
Question: Dr. Ertl, you mentioned underground mining (room and
pillar, I presume), at 75-25. Am I correct?
Ertl: Yes.
Question: You figure that in underground mining of oil shale you
can mine 75 percent? Or am I wrong ... do you leave 75 percent?
Ertl: Actually, the Bureau of Mines pattern has a pillar 60 x 60 feet
square in an area 120 x 120 feet square. Therefore 75 percent is mined and
25 percent is left. The safety factor of the pillars, depending on the depth of
the overburden, is high. When we learn more, I
am sure that the percent
age left as pillars is going to be whittled down, perhaps to 10 percent
or
15j)ercent, rather than 25 percent of the ore body.
Question: And what about the waste? Will that be a backfill in the
underground mining
operation as well?
Ertl: I anticipate that the oil shale industry will be backfilling waste




Question: Well, as I understand it (I may be wrong on this), you're
going to have surplus
or waste rock overlying the
mine. What are you
going to do with that?
Ertl: God was bountiful in creating deep, broad valleys in the oil
shale area. The floors of many of the valleys
consist of the impermeable
clayey Wasatch
formation in which substantially nothing can grow.
These
valleys will be improved by covering the Wasatch formation
with the types
of spent shale that are expected to be piled in them. The
spent shale is
porous and permeable and contains
the general constituents of a good
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soil. When the piles of spent shale are levelled and planted the value and
beauty of the valleys will be enhanced.
Question: However, we do have the State of Colorado Game and
Fish Commission, which you're going to have to look out for!
Ertl: Presently the oil shale area is deer country, yes, and it is going
to remain deer country. Certainly the operations of the Bureau of Mines
and Union Oil Company did not decrease the number of deer in that
area, as a number of spent shalers from those operations here can attest.
Question: Well, I'm referring to stream pollution, sir, not deer pollu
tion. Stream pollution.
Ertl: Stream pollution need not be much of a factor. The Union Oil
Company spent shale dump neither has deteriorated the soil, nor has pol
luted the stream. There are some processes in which stream pollution will
have to be guarded against, but I believe this is a definite obligation that
the industry has. Our civilization is too far along that any industry can
go ahead and pollute a stream any more. The several companies are go
ing into the oil shale business fully aware that air and stream pollution
will not be tolerated by the public.
Questions Well, that's my point exactly, sir . . . that I'm just wonder
ing about this stream pollution, and furthermore, running it on down the
Colorado River, and on down to Arizona. We'll get those Californians
after us too, on that basis! But secondly, I'm also wondering about the
availability of water for any process in that part of the country.
Ertl: This is a problem. Sure, its a problem. It becomes one of the
costs, but comparatively it is not going to be a very large cost. Some wa
ter is available now. As the industry develops, technologists will develop
methods which use less water. Water will become more valuable. Some
of the poorer farms which are now using water will be purchased, and
water from them will be stored and used for oil shale processing and the
related communities. Water will become available to the extent that it is
needed. The cost of obtaining water will be one of the costs of producing
shale oil from oil shale.
Question: Would this be a cost to the U.S. Government or to the pri
vate mining operations?
Ertl: Those serious about producing shale oil industrially are not ask
ing anything from the U.S. Government. Many of the companies already
have spent money . . . large sums ... in order to obtain water. Oil shale
is contemplated as a privately operated industry.
Question: Dr. Ertl, in your giant stripping and mining operation,
will this require drilling and blasting?
Ertl: Not if . . . Lawrence . . . Machine company is successful with
their machine. I did not use the word giant. I used the word prodigious.
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I looked through the dictionary to see which was the biggest word, and it
seemed to me prodigious was bigger than giant !
Question: Can it be loaded without drilling and blasting? That was
the point.
Ertl: Yes, I think so. When I started in the oil shale business 20
years ago, we were using steel bits and percussion bits, and, in fact, at the
oil shale mine at Rifle, we were the first to use tungsten carbide for mining.
From that development the whole mining industry took up the use of
tungsten carbide. Since then there has been tremendous development in
tungsten carbide, and in the use of tungsten carbide. Undoubtedly, other
materials will substitute for and improve upon tungsten carbide. Once
these materials become available, we can claw at and tear away strong
rocks which previously had to be blasted. These mountains can be torn
at without blasting.
On the other hand, I have friends here in the explosives business, and
they have done a tremendous job in cutting the cost of explosives and
blasting. Where we used to pay 20c a pound for explosives, we obtain
equally effective explosives now for 4c a pound. They were teasing me
before I came aboard here, and I said to them they are going to have to
improve explosives practices to stay in line with what people are doing by
tearing. If we are going to drill and blast, we are going to drill and blast
more cheaply than we are going to tear. Or, if we tear, we are going to
tear more cheaply than we can drill and blast. The competition between
those advocating tearing and those advocating blasting will result in con
tinuing reductions in the cost of mining oil shale.
 
REMARKS BY SENATOR GORDON ALLOTT
. . . Most of you people are interested in the development of oil shale as
I am, (and while I'm not in Tell's (Ertl) category as an owner, or a po
tential owner) most of us are classed by a great number of people in this
country as economic royalists who can only tear up the great beautiful
mountains of Colorado and leave a vast desert wasteland which will for
ever remain a wasteland (something like the Sahara is at the present
time). I see this, as you all know, because of my Committee work in
Congress, and I see it as one of the greatest challenges to modern tech
nology and modern development that we have. I don't share the "de
structive
development"
point of view. I think we can have development
and beauty too. But I would be remiss, working as I do on the Interior
Committee, if I did not underscore the remarks that Tell made (and, Tell,
I think you did a very great service by making these remarks) .
I can recall a very similar incident when we were developing the Up
per Colorado River Project; we were forced to abandon the best economic
project in the whole scheme because of these same people the bird and
the bee people. For this reason, I think you have to realize that we do
have to cope with them. Politically, we have to cope with them, and it's
not sufficient just to say that we're going to develop oil. We must provide
satisfactory answers along the line that Tell spoke of; thinking in terms
of not only extraction, but of replacement of the land. We can't afford, in
this country, to leave a vast area a desert wasteland, the people of this
country simply will not permit it. This is not encouraging news to some,
because it's going to add very greatly to the cost of extracting oil. How
ever, looking back, there are great portions of West Virginia and Penn
sylvania today which might be better off, not only from the scenic stand
point, but from an economic standpoint, if attention had been devoted to
these things at that time.
There are many problems we must face, as you know, and some of the
toughest problems are: how we are going to develop this shale; what the
leasing policy is going to be; and how we work out agreements on unitiza
tion. One thing is certain, and he (Ertl) underscored this point too. We
can't do like we do in an open oil field; just by drawing lines on the
ground and saying, "All right, you can punch so many holes here, and you
can punch so many holes
there."
Depending upon what your technology
produces by way of extraction processes, we must find methods and means,
through our Congress, to assure ourselves that the most economic use of
the greatest single remaining national asset we have, is made. And these
United States Senator from Colorado
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are the problems, the two chief problems with which, I think, we will be
wrestling.
Let me thank you again for this opportunity to appear before you and
say these few words. It's good to be with you. I just
thought of one thing:
one gentleman at the end mentioned water. I do think that the water ques
tion can be handled. Some of these methods, of course, use a minimum
of water. The 1923 or '24 Colorado River Compact has yielded very dis
astrous results for the Upper Colorado River (in the acre-feet of water
that we expected on the Colorado River Basin to be divided), in that it
has not yielded the 15 million acre-feet upon which that Compact was
based. Rather, the Upper Basin has realized nearer 3% million to 4 mil
lion acre-feet, instead of the iVi million acre-feet we expected. Mr. De
laney will speak on this tomorrow, and he's extremely able and extremely
well informed on this. I do believe, and I have hopes that, particularly
with the Glen Canyon and the Curecanti and our increasing ability to
withhold water (which otherwise would go down for the free benefit of
that state on the west there California), we will be able to take care
of all reasonable demands upon water. I haven't talked with Mr. Delaney,
and I don't know whether he's going to take a pessimistic or an optimistic
view. But, whatever view he takes, my own personal opinion is that with
the filling of Lake Mead, and with the completion of these dams in the
Upper Colorado River area, our water picture and our ability to handle the
water demands from such an area are going to be greatly increased. We
must also think in terms of the people who will be residing in that area,
and their usage and need of water. Ladies and gentlemen, it's good to be
with you, and thank you very much.
DISCUSSION
Question: Senator, I wonder if it would be possible for you to give
us any comments on the status of the depletion allowance.
Allott: I can tell you the status of it very easily, but I can't give
you any assurances as easily as that. The status of the depletion allowance
is that it is in the Ways and Means Committee in the House, and it's in
the Finance Committee in the Senate. Until we are through struggling
with some of the tax questions that we now have, I can see no opportunity
of moving it. There are some practical aspects of this, dealing with the
present structure of the Government, but I would hope that by the latter
part of this session we would be in a position to try to get some positive,
at least the initial positive action, upon this legislation. For various
reasons, upon which I'd rather not comment publicly, I don't think it's
advisable to attempt to do this just at this minute. But, I think (and I
say this after discussing this particularly with Senator Dominick and
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Congressman Aspinall), that we are all of a mind that this is one of the
first and most important things that we should push.
Question: I've been out of the State for about a week, Senator Allott,
but when I left home there was an article (I think about 10 days ago),
and I think I spoke to you at coffee of it. about the possibility of using
some water out of this little pond up here called Dillon Reservoir and
putting it down into Parachute Creek, Grand Valley, and that area for the
development of oil shale. Publicly, can you make any comment about
this. Gordon?
Allott: Mark, I'll have to confess I haven't seen your letter yet.
I've been gone as long as you've been out of the state.
Mark: Well, maybe I didn't lick the stamp.
Allott: I'm not prepared to comment on that now. There are some
fantastic things under consideration now, or that will be under considera
tion by Congress, for the alleviation of the overall water problem in the
Colorado River Basin. I don't dare mention, I suppose, what rivers might
be tapped, without any injury to the states involved in any respect, but
one of them is named after the discoveror of America. The Senators up
in that area seem to take a considerable amount of umbrage every time we
talk about this. But the facts are, I think, that we are going to see the day
when we will have long distance transportation of water into the Colorado
River Basin. It may not be tomorrow, it won't be tomorrow, but I think
that just as sure as we're sitting here it's going to come one of these times
to help alleviate our salinity problem to help alleviate our problems
with Mexico; this whole thing isn't going to be solved with this 5 million
dollar canal and also to help alleviate what someday is going to be a
distressing shortage in the Upper Colorado River Basin.
Question: I think Secretary Udall has indicated that the United
States might need an overall energy policy before he could take any steps
toward solving, or making some of the decisions on the oil shale lands
that the Federal Government owns here. Do you have any comment on
that?
Allott: Well, I remember his remark. I don't agree with it. I don't
think you can ever achieve, in our great changing world today, an overall
energy policy. Our Public Service, in the last few weeks has announced
a projected atomic energy plant here in this state, which is something
that none of us foresaw five years ago. I personally didn't think this
technology would advance this rapidly. I had no idea it would. And there
may be other developments of our power resources that will come, outside
of oil and coal, and other similar sources. I personally feel that this is
an attempt to duck the issue, rather than to grapple with it, and tackle it.
That's about all I can say at this time. Incidentally, we had a long mineral
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fuel policy study in the Senate three years ago, of which Senator Anderson
was the chairman. It produced a lot of wonderful factual information,
and nobody seems to be aware of it. They simply seem to have thrown it
into the wastepaper basket and forgotten about it. This is a characteristic,
of course, of our Government that you spend a lot of money trying to
find something out, and then after you find out, you go ahead do some
thing anyway, regardless of what the report says.
Russ Cameron: Would you care to comment on the benefits to be
derived from the hearings on oil shale that Senator Jackson has called?
Allott: Well, frankly, I think very few benefits will be derived from
them. It's hard to understand, at the moment, the reason for them. He
apparently has decided to hold hearings upon the interim report of the
so-called "Blue Ribbon Committee", a committee which met (if my recol
lection is right), four times. Except for two gentlemen on it (the Presi
dent of our School of Mines and Mr. Mock), they were completely un
acquainted with what they were talking about, and I really can't see
how this is going to contribute. As I look at it, the main things we have
to solve in the congressional area, legislatively, lie in two areas. First of
all, the leasing problem; how this is gone about. With that will come the
thing I spoke about at first, how you leave the land, etc. Secondly (and
I've already stated that this is our first priority) , is the matter of depletion.
There is a third aspect: that of trying to clear up all of the claims, loca
tions, patents, and counter-claims, etc., that we now have. I have a bill
pending, as you know, to do that. Senator Jackson, the Chairman of the
Interior Committee, has shown some reluctance (when I talked with him
when he first told me he was going to hold these hearings) to use that
bill as a means for going ahead. So I think it's rather just a general ex
cursion to try and acquaint the people with some of the problems, and
perhaps to give some people a chance to voice their thoughts on this
matter. I hope, and I know, that we'll have representatives from Colorado
who will be there and express our own point of view very forcibly. Also,
I might add just this last comment on this leasing, location, and patent
thing the injustices that are done. There are some people with patents
to their mining claims who are done. There are some people with patents
not have patents, that is to say, some have been denied where there is no
visible difference in their situations. It's going to be a terrible mess to
clear up. Until we clear it up, I don't know how the Government is going
to enter into a knowledgeable, sensible or sane leasing policy. Because,
until this matter is cleared up, it's going to be almost impossible for the
Government to lease. We've got to clear up the titles first.
A NATIONAL POLICY FOR OIL SHALE:
FACTORS TO BE CONSIDERED
Frank J. Barry
A year ago before this same forum, Assistant Secretary of the Interior
John M. Kelly outlined and discussed proposals for the formulation of a
program leading to the orderly conservation and eventual development of
the federally owned oil shale deposits in Colorado, Utah, and Wyoming.
Secretary Kelly also discussed the obstacles faced by the industry and the
Department which have frustrated past efforts at development of this im
portant resource. He emphasized the need for a well-planned and coordi
nated effort by both the industry and the Federal Government to the end
that we might formulate and implement a policy which would permit the
Nation to "obtain the maximum benefit from this untapped natural re
source."
Mr. Kelly pledged the Department to "move with proper
speed"
to this end.
Let us, for a moment, review the action taken by the Secretary of the
Interior during the past year in an effort to resolve the oil shale policy
problem.
On April 17, 1964, Secretary Udall issued instructions to the Bureau
of Land Management calling for a stepped-up program for the determina
tion of the validity or invalidity of outstanding unpatented oil shale placer
claims for the purpose of clearing title to the lands for inclusion in pri
vate or federal plans and programs. At the same time the Secretary an
nounced his intention to move in an "orderly and expeditious
way"
to de
velop a program for the utilization of the oil shale resources.
On June 30, 1964, Mr. Udall announced the oppointment of an Oil
Shale Advisory Board and charged the Board with the responsibility for
analyzing the problems of development of oil shale deposits on federally
owned lands.
Preparatory to the first meeting of the Board in July, 1964, there was
prepared and released a Synopsis entitled "The Oil Shale Policy
Problem"
which outlined the posture of the more significant legal and policy ques
tions and provided the Board with background material and data.
In February, 1965, after four meetings and extensive staff w&rk and
individual study and analysis by the members, the Oil Shale Advisory
Board issued its Interim Report to the Secretary.
I assume that all of you are familiar, at least in a general way, with
the Board's report and its most significant conclusions and recommenda-
Solicitor, United States Department of the Interior.
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tions. The report is, and will be a valuable aid to the Secretary in formu
lating Federal oil shale policy. The fact that the members did not agree
on many important issues makes their report all the more helpful. The
most difficult problems are those which are obviously two-sided but upon
which all the advice and assistance is one-sided. The Board agreed on an
swers to many significant questions even though such agreement was the
product of a diversity of approaches by the various members of the Board.
The variety of views among members of the Board on other issues is
not unlike the expression of views and recommendations of over 200
members of the oil industry who responded last year to the Secretary's in
vitation to make their comments. Secretary Kelly summarized their re
sponses in his address to the Symposium last year.
The diversity of opinion on this subject prompts me to observe that
large portions of this potentially valuable resource are held in trust by the
United States, not for the benefit of the companies which have recently
come on the scene, not for the
"spent-shalers"
who have worked for a half-
century to achieve the development of this great resource, and not for the
benefit of those few who oppose any development for their own special
reasons. These lands are held in trust for the benefit of the public gener
ally. This trust is assigned by law to the Secretary of the Interior as the
caretaker of the public domain. The Secretary, if he is to discharge his
responsibility to the public, must obtain the best information and advice
and should decide and act only after analyzing and exploring the varied
approaches to and solutions of this important and controversial problem.
For this reason, the Secretary will follow the suggestion of the Board that
he ". . . proceed cautiously toward development and maintain flexibility
until the oil shale problems are better
undertsood."
I do not intend, in the brief time I have here today, to attempt a sum
mary and analysis of the Board's Interim Report. Rather, allow me to
present only the Basic Policy Objectives suggested by the Board with a few
comments on some important unresolved problems. The suggested policy
objectives set out by the Board are as follows:
"1. To encourage advancement of the technology of shale oil ex
traction and the development of a competitive shale oil industry.
tk2. To encourage wide industry competition and initiative in the de
velopment of techniques of mining and recovery.
"3. To establish conservation goals and standards for the recovery of
the oil shale resource, for the protection of other values in and adjacent to
oil shale lands, and for the protection of public health and related values.
"4. To prevent speculative use of leased Federal lands to the detri
ment of oil shale development.
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5. To provide for reasonable revenues to the Federal and State gov
ernments from the use of Federal shale lands.
"6. To set up whatever Federal program may be decided upon in
such way that it can be administered
effectively."
With these objectives in mind, let me just touch upon a few of the fac
tors still to be considered and analyzed as we forge a firm Government
policy.
The first major problem is one of technology and economics: Is oil
shale presently competitive with liquid petroleum? It is not being mar
keted at present, but there is obviously great interest in the possibilities.
Oil companies are cooperating with the Colorado School of Mines Re
search Foundation in the experimental work being conducted at the Anvil
Points facility at Rifle. Colorado. Private capital is at work also on pri
vately owned oil shale holdings in the work being undertaken by the Oil
Shale Corporation, the Lnion Oil Company, and others. The Oil Shale
Corporation believes that when its plant begins operation, its product can
be marketed on the West Coast.
Oil shale will be competitive if it can win markets now held by other
energy supplies and on the same terms. This test has yet to be met, but
the time when the industry meets the challenge may be approaching faster
than some of us have anticipated.
The second question is: If it is not competitive, is it desirable that oil
shale be made competitive? This is essentially linked to the question of
whether we need shale oil and whether our need is great enough to justify
substantial expenditures to render it a competitive commodity.
Last year, in presenting his paper to the Symposium, Mr. Harold Car
ver of the Union Oil Company characterized as an important deterrent the
"long-range uncertainty of Federal import control policy on
I suggest that we analyze the present Federal import control policy on
petroleum. The basic justification for the program is the assumption that
if this country became involved in a war. foreign oil supplies would be cut
off and we would be dependent exclusively on domestic production.
Therefore, the rationale goes, it behooves us to maintain an adequate do
mestic productive capacity. Hence, oil imports are restricted to a level
which will not eliminate domestic producers from our own market and
will justify their continued search for new oil fields and their improve
ment of refining techniques.
Foreign oil, however, is highly competitive and its cheapness tends to
sharpen the wits and encourage the perfection of the technical skill of do
mestic producers.
In the administration of the program, which is another responsibility
of the same Secretary of the Interior so often mentioned in this company,
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the expected demand is estimated a year in advance, the expected domestic
production is measured for the same period and levels are set to allow
sufficient oil imports to make up the difference.
You should note that the whole import program is geared to domestic
petroleum production, and that the worst feature of protectionism, namely,
higher costs to the ultimate consumer, is limited by substantial import lev
els for cheap, highly competitive foreign oil.
What then is the proposal from the oil shale industry? Oil shale may
not now be competitive with domestic liquid petroleum. Is it suggested
that it can compete if domestic production is not augmented by foreign
supplies? If this is what is meant very serious policy problems are raised.
If shale oil is to replace foreign oil in the domestic market, the American
consumer must pay the higher prices which must result. Furthermore,
the advantage now obtained by the presence of a strong competitor in the
domestic market would disappear and the petroleum industry would have
nothing like the challenge it must meet today.
Again, this proposal cannot be evaluated until we know more about
oil shale, its mining, its production, and about the cost of shale oil. Again,
the Department must remain flexible as recommended by the Oil Shale
Advisory Board.
History has taught many lessons. But few have been more slowly or
painfully learned than those relating to the development and depletion of
our natural resources. This very year America is paying again, as it has
so often in the past, for the reckless destruction of our northern forests.
Gone are the timberlands on the upper Mississippi watershed which would
have held back the floodwaters now destroying human life and property
in the northern midwest. There is more to the American Way of Life than
getting rich. We must take care that we do not make our Nation poor.
We owe ourselves and our children better care of the treasures with which
we have been blessed. Conservation is not merely a political theory. It is
an ethical principle and it is also good business.
I think we will all agree that within a few decades there will be a need
for oil and gas that cannot be met at present cost from existing commercial
sources. It is also reasonable to assume that substantial lead time will be
required to reach the point of commercial production of shale oil. It is
equally clear to those who have the best information available that there
is insufficient evidence of an immediate need for large-scale commercial
production of oil products from oil shale. We have much excess oil pro
duction capacity and approximately a ten-year supply of proved reserves.
About one out of nine new field wildcats results in a discovery of new oil
and the recent decrease in discoveries may be attributable to curtailments
in exploration rather than to depletion of oil reserves. The experts are con-
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fident that there is an abundance of oil in this country yet to be discovered
and developed.
Moreover, the advance of secondary recovery technology is extending
the life of known fields beyond the most optimistic predictions of a few
years ago. And we cannot ignore or overlook, in this context, our alterna
tive sources of oil and gas in the form of tar sands and other bituminous
rocks and in coal.
I do not suggest that these other energy fuels should get any special
favor from the Government. I only mean that they are present or potential
competitors of shale oil and that, to the extent that they are available for
use, their availability reduces the need for immediate development of oil
shale. Furthermore I am merely stating what I believe to be the facts that
must be faced or controverted or otherwise overcome by the oil shale in
dustry before it can get what it wants from the United States. I do not
suggest that I have no opinions only that I do not express them. Until I
know all the facts my opinions should be provisional. It is less embarrass
ing to change opinions, as it is to change clothes in private.
Responsible and well informed advisors have suggested complete con
trol of development of this enormous resource to prevent the disruption of
the domestic oil industry by the introduction of seemingly unlimited quan
tities of competitive oil. The spectre of community of poverty stricken
Texas oilmen resulting from a dislocated oil industry may have its amus
ing aspects to some, but should it occur, the entire Nation, as well as the
industry, would suffer the burden of relocating a huge sector of our pres
ent economy.
This problem has not gone unnoticed in other countries. The govern
ment in Alberta, Canada, has recently taken action to prevent such conse
quences by limiting production of tar sands to a small percentage of the
oil production from other sources in that Province.
The Department of the Interior recognizes that it has a duty to see to
it that the production of oil from shale will be an actuality. Man needs
the shale oil, if not today, in the foreseeable future.
The Government will welcome shale oil as a new competitor in the
energy market, just as we would welcome any
other competitor. I suggest
that that day will come when the combined research efforts of the industry
and the Government will have resulted in technological development which
will place the industry in a truly competitive position.
A question which has been closely related to the formulation of a Fed
eral oil shale policy is that of the ownership
of outstanding unpatented
oil shale placer claims on Federal lands. This is not so much a policy con
sideration as it is a legal one and these pending questions must be finally
resolved in the Courts. The view has been widely expressed that
uncer-
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tainty as to the ownership of these claims reduces the incentive for private
action and results in delays in the development of this resource. I do not
believe this is true, but because these issues should have been settled long
ago, we are pressing for an early solution.
In accepting the kind invitation of your Chairman to address the Sym
posium, I was explicit in pointing out that I could not comment on the
relative merits of pending cases or generally on the
substantive legal is
sues. However, I can outline the status of the more important cases and
point out some of the non-legal problems facing the Department and the
industry in resolving these issues expeditiously.
Shortly before the First Annual Oil Shale Symposium, on April 17,
1964, we issued a legal decision involving unpatented claims which had
been previously canceled by the Department for failure to perform annual
assessment work. Many claims involving this same issue are pending be
fore the Department. However, those cases in which a final Departmental
decision was issued are currently before the Federal District Court in Col
orado in suits brought by the claimants. A final resolution of this question
should, therefore, be reached in the very near future.
Also pending before the courts are several cases involving the issue of
abandonment or other technical defects in the oil shale claims. Still to be
resolved, however, is the legal issue discussed in the Secretary's instructions
of April 17, 1964, namely, the adequacy of the discovery upon which these
oil shale claims are based. In several cases adequacy of location work, the
good faith of locators, and other issues are involved.
Cases involving these issues were instituted by the Department shortly
after the Secretary issued his instructions and these cases are presently
pending before a Departmental Hearing Examiner.
While the Department has raised legal questions involving the validity
of outstanding oil shale placer claims, we have also made the commitment
to take effective measures to assure an expeditious resolution of these is
sues. To this end, we are presently following procedures to expedite the
issuance of a final Departmental decision which, if favorable to the claim
ant will permit him to proceed immediately to develop his mine, and, if
unfavorable, will permit the claimant to seek immediate review of the De
partmental decision in the proper court. Our present procedures will also
assure the claimant in all future cases that all legal issues relating to his
claim will be raised and adjudicated in the same proceeding.
I want to point out that all the delays involved in resolving these legal
issues should not be blamed on us. After over forty years of arguing
about these claims in idealogical terms it is understandable that the prep
aration of cases by claimants is also time consuming. The issues are most
important to the claimants and most important to the administration of
the mining laws of the United States. It is difficult to find witnesses of
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events which occurred before 1920. The record made at the hearings is
likely to be decisive before the Department and before the courts and ev
eryone, on both sides, is proceeding with great care. Those of you who are
lawyers know that the production of a case in court, like the production
of a play in the theatre is a matter of careful advance preparation. Wit
nesses come on in carefully planned order and speak their carefully
planned pieces. Carefully planned cross-examination attempts their de
struction. There is much at stake for everyone, for as the first cases go,
so will go the others only much more swiftly. I think at this point that
we are closer to being ready for trial than are the claimants. But then I
know more about our cases and I may be mistaken.
The formulation of a national policy for oil shale development re
quires consideration not only of the factors that might be involved in the
development of most other minerals, but also of factors resulting from the
circumstance that the Federal Government owns most of the resource. Re
sponsible officials must concern themselves with the formulation of a pol
icy which will not only foster the orderly development of the mining or
oil industries, but which will also assure that the benefits from this public
resource will be widely distributed and which will constitute proper man
agement and administration of the public lands. We come then inevitably
to the question of whether federally owned lands are actually needed for
the establishment of a competitive oil shale industry in this country. If so,
how much land is needed and under what conditions? What consideration
is the public entitled to receive if this resource is opened to development
and production?
As the Oil Shale Advisory Board pointed out, there is presently an
enormous quantity of oil in lands already in private ownership 150 to 200
billion barrels, by my calculation enough for about 35 years at 1980 rates
of consumption, if there were no other source of liquid petroleum. Al
though the Federal Government owns and controls most of the resource,
the potential for development of the industry on privately owned lands may
be possible without making Federal lands available for this purpose.
Regardless of the views of individual members as to how oil shale
should be developed, all of the members of the Oil Shale Advisory Board
agreed that the development of an oil shale industry at the present time
and under existing conditions does not depend solely upon the availability
of Federal lands. The Board agreed that the Federal Government ". . .
should move positively but toward the development of oil
shale and the Board was substantially in agreement in recommending that
Federal lands eventually be made available for this purpose. We agree
that no one should be denied access to this resource if he has sound plans
for its development.
Disagreement between the members of the Board began upon considera-
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tion of the questions of when, how, and under what rates and conditions
such lands would be made available. The Board opposed any plan which
would encourage or allow the "speculative use of leased Federal lands to
the detriment of oil shale
development."
There was also agreement on the
proposition that provisions should be made to return reasonable revenues
to the Federal and State Governments for the use of Federal lands.
Assuming that the decision is eventually made to lease Federal lands
for oil shale, we must then consider the appropriate leasing regulations con
trolling the size of leasing tracts, royalties and other lease terms. It is
rather generally conceded that the applicable provisions of the Mineral
Leasing Act of 1920 are not well suited for oil shale leasing and that any
comprehensive leasing program should be authorized only after a full
study and review of oil shale leasing requirements and under legislation
specifically enacted for this purpose.
The disposition of lease revenues is another problem that will require
fresh consideration. The Board recommended "... a departure from tra
ditional allocation of revenues in the direction of a simple split between
the States involved and the Federal Government, with the expectation that
each would use these revenues, or their equivalent, primarily to prevent or
abate any public damages resulting from the oil shale development, to pro
mote general resource conservation, and perhaps to further public educa
tion at the discretion of the legislative
bodies."
In this Administration, considerable attention is being given and will
be given to such conservation values as purity of air and water and to the
conservation of all natural resources including natural beauty. The Presi
dent and the Secretary of the Interior have made clear their intention to
formulate and carry out effective Federal programs for this purpose.
These factors must be considered in the formulation of Federal oil shale
policy. We have already been forced to think deeply about such hazards
and of effective measures to reduce or eliminate them in the development
of oil shale. However, we may be sure that surface mining and the pro
cessing of oil shale will pose problems requiring more and more attention
by officials of both State and Federal Governments.
The in situ combustion method of extraction gives us hope that we
may develop an effective process of extraction which would alleviate the
need for destructive mining methods. We in Government and you of the
industry must continue to seek effective measures to protect against dam
age to the air, water, and other resources in the development of oil shale.
In this regard, the industry must consider conservation measures and their
cost in determining the economic feasibility of any method of extraction
or processing.
Research is one area in which the Government has and will continue
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to take a positive and active role. As the Oil Shale Advisory Board sug
gested ". . . the Federal Government must see that the necessary research
is undertaken either through contracts with private industry, universities,
or research institutes, or by conducting the studies
itself."
The Federal Government pioneered research in oil shale technology
at the Anvil Points facility at Rifle, Colorado. As you know, that facility
is presently under lease to the Colorado School of Mines Resarch Founda
tion under a program in which private companies sponsor research proj
ects. Satisfactory progress is being made in resarch efforts at Anvil
Points.
The Government, through the Bureau of Mines, is studying the charac
teristics of oil shale and shale oil at its facilities at Laramie, Wyoming.
The results of completed research and laboratory studies will, of course, be
made available to the public in published papers. The Bureau is also ob
serving the operation of the Anvil Points facility and will eventually pub
lish the findings and results of such research where possible under the
patent provisions of our lease agreement with the Research Foundation.
Members of the industry deserve credit for their current and past re
search efforts. It is our belief that only through diversified research and
development on the part of both Government and private industry can we
achieve our ultimate goal of the orderly and beneficial development of this
resource.
In conclusion, we should recall again the immensity of the deposits of
shale we are talking about. I have learned that shales of 25 gallons or
more of oil per ton contain a total of 600 billion barrels of oil and shales
of 10 gallons or more per ton contain a total of 2 trillion barrels of oil.
Based on estimated 1980 rates of consumption there is enough oil in 25-
gallon shale to supply all of our needs for 110 years. There is enough oil
in 10-gallon shale for 368 years. The Pilgrims landed in New England
about that many years ago and no one of their generation could have im
agined let alone predicted what the world was to be like in 1965. And
they could see further ahead in their day than we can in ours. Certainly
whatever decisions we make must be tentative and we must heed the good
advice of the Board to "maintain flexibility until the oil shale problems
are better
It would be presumptuous for us to attempt to solve the problems peo
ple may have 368 years from now. We owe it to future generations to
pass along some of the good things on this planet. We owe it to ourselves
to pass along some of the problems.
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DISCUSSION
A. Edgar Benton, Attorney: Mr. Barry, I, of course defer to the
position which you hold as Chief Legal Advisor to a cabinet officer of
the United States, but nevertheless I feel constrained to at least try to set
the record clear on one point which I think demands some substantial
clarification. I understood you to say that with respect to unpatented
mining claims, these matters of assessment work and discovery had been
uncertain for some forty years and that it is the policy of the Depart
ment now to attempt to inject certainty into these considerations. I would
respectfully call to your attention, sir, that some forty years ago the De
partment of the Interior in the case of Freeman vs. Summers firmly and
resolutely concluded the test for discovery on oil shale; a test which was
rigorously, consistently, and properly followed by the Department until
the advent of your administration. Secondly, some thirty years ago, the
United States Supreme Court, in the case of Ickes vs. the Virginia-Colo
rado Development Corporation, ruled conclusively, firmly, and properly
that there had been no obligation to perform assessment work. The De
partment in the face of that decision, for a period of thirty years, con
sistently, rigorously, and properly followed the dictates of that decision.
I therefore suggest, Mr. Barry, that the uncertainty that has been injected
into these proceedings has been a narrowly legalistic policy determination
made presumably upon advice of counsel by the Secretary of the Interior,
which has disrupted and distorted forty years of established law. Would
you care to comment, sir?
Barry: Why yes, I'd care to comment. The first comment I'd make
is that your question is more of a speech than a question. Apparently,
you have either not read or you have not properly analyzed the opinion
of April 17, 1964. Now, that is the only comment I have to make. I'd be
glad to send you a copy of the opinion.
Question: I don't know how professional this question might be, but
from some of the remarks you made I got the idea that some people think
there is enough oil to be found; that it isn't necessary maybe to develop
some of our shale resources. From the remark that you made regarding
the limitations of tar sand productions in Alberta, and the comments that
you made about that time, I got the feeling that some people think maybe
we can wait for a while to make some of these decisions. Could this be?
Barry: No. We're actively proceeding to make some of the decisions.
In the Department we have a lot of factors to consider. Now the impression
you got, that we didn't regard that there was any need to develop oil shale
at this time ... I hope I didn't convey by what I actually said (although
someone may have gotten that impression). At this time there is in
sufficient evidence to conclude that it is necessary for us to embark . . .
let me put it this way ... on a "crash
program"
because we're running
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out of oil resources. Now, I think we ought to proceed, and our Depart
ment policy is to proceed, with a sound policy for the development of this
resource. This is what our intention is. On the other hand, it is a matter
that we've got to be very cautious about. We've got to be very concerned
with its effect on other industries, as we were advised to be by the Oil
Shale Advisory Board. We have to take such action with careful appraisal
of what other supplies exist, and what our need for them is going to be.
Now, I don't mean to say that we wait until we've run out of everything
else before we even start on oil shale. I think that oil shale ought to be
brought into the market as a competitor as early as it can be a com
mercial competitor, and I think we ought to give every assistance that we
can to bring that about.
Question: Have you in your mind any time element there?
Barry: No, frankly, I don't. Except that we should proceed to do it
with dispatch and with care. We've got to proceed carefully. We can't do
this rashly.
Question: Well now, from some of the things that we've learned from
this conference so far, it looks like it's necessary that some help be given
from above, from the Great White Father, to help push some of these
things along. We've got some problems and we hate to be told we can't
do this, we can't do that.
Barry: Well, you may be sure that what was said yesterday will be
carefully considered in the Department. I didn't have the benefit of what
was said yesterday; unfortunately, I got here too late. So when I read
the papers, and the Department reads and analyzes the papers, undoubtedly
recommendations will be made to the Secretary.
Harold Carver: I want to comment just briefly on your reference to
the statement that I made last year on the importance of stable policy and
import controls, and ask you this question. If controls are based on a year
to year determination, as they are now, (and also there are no import
controls from Canada,) if it would not be of great concern to an investor
making a great investment in oil shale over a 20-25
year period that there
not be some assurance of continuance of policy and no radical change.
I think this was basically the inference of the statement that was made
last year; that this is certainly a point of concern. There was no par
ticular criticism, of course, of the Department's present procedures and
policies.
Barry: Thank you, Mr. Carver. I appreciate it because I didn't have
anything but your statement. I heard it when it was made, and,
of course,
I saw it when I reviewed the speech that you made. Now, I would like to
comment further and say that this is not a matter which is going to be
decided in the Department of the Interior. This is the way the national
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security relationship (under which this program is set up) is established
by the Office of Emergency Planning. The director of that office has
been requested, for example, recently in the case of residual oil, to make
a review of the national security implications of the residual oil import
program. The question of whether we should exclude foreign oil in order
to make a market available for oil shale has not yet been decided, and
that isn't the kind of thing that we're talking about when we talk about
the oil import program. There is foreign oil coming into the country, and
it's coming in for the reasons that I indicated to you. If what we're
supposed to do is to exclude foreign oil in order to make room for oil
shale, do we have any assurance that the petroleum industry won't fill
up that gap generally, and put oil shale out of the market if it isn't com
petitive with domestic petroleum? Would we want to have regulation or
limitation on the amount of production of domestic petroleum in order
to make room in the present market for a higher priced shale oil (assuming
that it would be a higher priced shale oil) ? I think that what I was
trying to do, and what I am trying to do in this talk generally, is to give
you some idea that there are some very broad questions of policy that are
involved in what you are discussing here today; . . . national policy,
questions that have to do with other industries, with the cost of living
of the American consumer, and with our relationship with foreign na
tions (because, of course, we have some annoyed neighbors in South
America at our import program since they are the ones that would be able
to supply us with low cost foreign oil). I just want to show you what
it means to get this, or not to get it, and what has got to be decided, and
where, perhaps. I don't think I'm doing you a disservice by doing this.
Perhaps, if you desire some particular result, you might decide to put
some pressure in order to get that result. But to leave it up in the air and
simply say, "well, we ought to go on, we ought to be assured that the
program will go on the way it is", I don't think that's going to help the
oil shale industry. I think that the government of the United States has
taken a step. Now, whether it's ever going to retreat from it or not, we
can't commit ourselves as to what more we're going to do. The step was
this: that it would restrict foreign imports in order to protect domestic
industry. I don't think that the oil man had any particular entitlement
to favor in the Federal Government. The oil shale people do just as much
and are entitled to have that continue, if it continues to be in the public
interest.
Question: In reference to foreign import, has the Department or the
industry ever looked into the logistics involved in large quantity of import
of foreign oil. liquid fossil, or either the finished hydrocarbon, or into
the transporting problem of developing further domestic crudes? Talking
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about the logistic problem of transporting, have there been any studies
made?
Barry: Yes. Well, now, let me say, I assume. I haven't seen the par
ticular studies on the subjects that you're talking about, but in our evalua
tion of the feasibility of developing the oil shale resource, our Department
and the Bureau of Mines (I've discussed it with the people down there),
have given consideration to the fact that the principal markets for oil
exist in such and such places in the country. Also, that any shale oil that
is developed here will have to be transported to those sections, and will
affect the cost of the product in the ultimate consumer's purchase. On the
other hand, we also, in connection with the coal industry, have given
serious consideration to research to develop gasoline from coal. In fact,
there is a federal program, with substantial federal aid to develop such
a program, and in determining whether the product could be competitive
with conventional gasoline, we have had to take into account the cost of
shipping it. I think it's been two years since I saw any of these studies,
so they may be updated and may be wrong, but at that time it was deter
mined that there was a limited area around western Pennsylvania and
Ohio where such oil could be competitive with conventional oil. Now, these
problems have been studied in the Department. I couldn't possibly tell you
what the results are.
Question: These were relative to cost. I'm talking about the ability to
be able to import, say, seven million barrels of oil a day into this country.
Barry: Oh, no. I don't know. I suppose that with more ships you can
import them, but I realize what you're getting at now. There wouldn't
be room on the surface of the ocean to contain all the ships . . . well,
possibly . . .
Question: Well, not so much the ships, but the harbor facilities.
Barry: Yes. Well, this is something that undoubtedly has been taken
into account, but I couldn't assure you as to what determinations have
been made.
Jack East: The Secretary of the Interior has been reported to have
stated that no further patents would be issued for mining claims and on
oil shale. Is this true?
Barry : No, I'm sure he hasn't. If he has, why, he's done it without the
benefit of counsel.
East: I talked to reporters in Denver.
Barry: Well, it might be a good idea if you'd go back and tell them
that he didn't make any such statement because
there shouldn't be a
feeling between the industry that we need so much in this country,
and
the Department of the Interior that the industry needs so much itself; of
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asking others what we think. I think you might ask us. I appreciate the
questions that you've asked me here today. I appreciate very much this
opportunity to be present, and I hope that we can render the kind of job,
in connection with our responsibilities as a national administration, that
will deserve your respect. Thank you very much.
THE NECESSITY OF WATER STORAGE
FOR THE OIL SHALE INDUSTRY
Robert Delaney
Every industry studying Western Colorado as an area for development
has encountered a substantial and serious problem in attempting to arrive
at a firm, dependable, water supply. Industry representatives have often
been confused, frustrated and discouraged by the seeming paradox, i.e.,
that while there is adequate surface run off of water to support industries
and cities of substantial size, it has been virtually impossible to guarantee
that under all conditions at all seasons, in years of extreme drouth, and
with expanding demand by competing local users, transmountain diver
sions, and out-of-state claimants, a firm and dependable water supply will
be available.
The oil shale industry is confronted with this problem today. Thus
far, efforts toward development of water resources have been marked by
an attitude of "every man for himself, and the devil take the
hindmost."
In many instances these efforts have exhibited a basic misunderstanding
or lack of knowledge concerning the legal problems incident to obtaining
a firm water right from a natural stream.
For example, on the Colorado River, in the Grand Valley area, major
oil companies have applied for and obtained adjudication decrees for hun
dreds of second feet of water. Such decrees are granted under the strict
condition required by law that due diligence be used in developing and
completing the appropriation by use. These "paper
rights"
are vulner
able to cancellation for lack of diligence in development. Furthermore,
all they can hope to divert will be flood flows, and some winter flows, be
cause prior decreed rights will cut such late diversions off.
Another practice, which seems to be gaining in popularity is that of
purchasing irrigated agricultural land for the water rights, with the ex
pectation that those rights can be held and retained until needed, and then
converted to industrial or municipal use. Apparently, in many instances,
no careful or detailed study is made of what is actually being purchased
on an irrigation right; that is, where an irrigation right is concerned, the
adjudication is limited to a defined quantity of water diverted at a de
fined place from a natural stream during the irrigation season. It does
not give the right to divert water during the non-irrigation, or winter sea
son. Also, in order to change the point of diversion, the purchaser is
re-
Member, Delaney and Bascomb, Attorneys at Law, Glenwood Springs,
Colorado.
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quired to prove in court that the change will not adversely affect the rights
of other water users, even those junior, or inferior, to himself. This is
particularly important where an enlarged consumptive use is contem
plated and other appropriators can prove that they are adversely affected
by lack or loss of return flow, or for many other reasons. The idea of
drying up green and verdant agricultural lands and returning them to a
semi-desert for the small amount of water that could be beneficially used
is certainly repugnant if any other alternative is available.
In recent months a more realistic attitude has been observed, at least
on the part of some of the oil companies and land owners, in taking ini
tial steps toward development of supplies of firm water through storage to
meet future requirements. A case in point is the contract recently entered
between a group of companies and the Colorado River Water Conserva
tion District to participate in water to be impounded in the Iron Moun
tain Reservoir on the Eagle River. This involves monetary investments in
the development and construction of the reservoir in return for a commit
ment of firm water after construction.
Efforts of this nature, construction of smaller reservoirs by individ
ual companies, sale of a limited amount of stored water by the Bureau of
Reclamation, and the use of flood flows may be expected to provide a
supply of water for a limited oil shale development. However, it is obvious
that if a major oil shale industry develops in Western Colorado, then the
water supplies available will be woefully inadequate. This seems too ap
parent to require discussion, and yet there is either a blind spot toward
this major problem, or else an assumption that the problem can be de
ferred for consideration until the need arises; that at that time the water
will still be available for storage and that it can be developed within a
relatively short time. This is a dangerous and probably fallacious assump
tion. The demands and the competition for the waters of the Colorado
River are simply tremendous. In the face of declining estimates of the
firm water supply from the Colorado River, we should recognize that under
existing compact requirements we must bypass over sixty percent of the
Colorado River water legal demands of Upper and Lower Basin States.
The political pressure exerted by the Lower Basin States, particularly Cali
fornia, to obtain a larger share of the water of the Colorado River is im
mense. Within Colorado there is, and will continue to be, an ever increas
ing demand on the river, and the supply of water available for storage is
limited.
The problem is not new or unique. It has been recognized from the
beginning of serious consideration of oil shale development. In 1953 the
Colorado Legislature made an appropriation and a committee was ap
pointed by the Colorado Water Conservation Board to attempt to evaluate
and determine the potential water requirements in Western Colorado for
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the purpose of determining what water, if any, might be available for ex
portation to Eastern Colorado. Some six months and $50,000.00 later, a
report was written by a renowned hydrologist and engineer, Raymond
Hill, of Leeds, Hill and Jewett, Los Angeles.
In the course of these deliberations, a committee was appointed from
the oil shale group; it was considered to be an excellent committee, with
the best people available serving. The committee met over many months
and much time and effort deliberated on the question of how much water
would be required for shale oil. Mr. Boyd Guthrie, then affiliated with
the Bureau of Mines, Mr. J. R. Riter, with the Bureau of Reclamation, the
Director of the Water Board, and representatives of City Service Com
pany, Continental Oil Company, Eaton Shale Company, Pacific Western
Oil Corporation, Shell Oil Company, Sinclair, Standard Oil Company of
California and Union Oil Company of California, joined in making the
presentation. Their conclusion was that the total water requirements for
a two million barrel per day operation would require a diversion or with
drawal from the stream of 625 cubic feet per second, or 455,000 acre feet
per year, with a return flow of 225 cubic feet per second, or 165,000 acre
feet per year, and a net consumption of 400 cubic feet per second or
290,000 acre feet per year. It was then stated that:
A large scale oil shale operation will require water at essentially a constant
rate throughout the year.
also,
From available hydrographic data, it seems evident that the only practical
and economic source of water to a shale oil industry is the Colorado River,
and its tributaries, in and upstream from the oil shale area. It also seems
apparent that storage reservoirs will be required to assure a continuous
water supply to an oil shale industry of 625 cubic feet per second.
The industry hopes that the report of the Conference Committee to the
Colorado Water Conservation Board and, in turn, the Board's report to the
General Assembly of the State of Colorado will show:
(1) That a potential oil shale development in Western Colorado will require
an estimated 625 cubic feet per second of Colorado River Water,
(2) Whether 625 cubic feet per second of Colorado River Water will be
available to a shale oil industry,
(3) What storage will be required to assure the availability of this
amount
of water,
(4) How the financing, construction and operation of such storage
facilities
can most appropriately be handled, and,
(5) The availability of reservoir site or sites,
which will be required for
storage purposes, to assure a
continuous water supply to an oil shale
indus
try of 625 cubic feet per
second.1
Despite the passage of over eleven years these very basic, pertinent and
vital questions remain largely unanswered.
There have been some developments that will contribute to a
partial
answer. The plans that are developing for storage on the White River
1 Water Requirements of an Oil Shale Industry:
Colorado Conference Committee, September 24, 1953.
114 Quarterly of the Colorado School of Mines
with diversion of water into the Piceance Basin are quite important.
The authorization of the Fryingpan-Arkansas Project, with a depletion
of as much as 84,000 acre feet per year, resulting from transmountain di
version is a negative factor, compensated in part by the construction of
the Ruedi Reservoir, with an active storage capacity of 100,000 acre feet,
part of which should be available for shale oil development.
Some progress has been made in the way of adjudications, planning
and engineering with respect to the
West-Divide Project, contemplating
storage on the Crystal River above Carbondale, and transportation by
tunnels and canals of water purity and high quality to the
Grand Valley-
De Beque area. A limited allocation of this water is being considered for
the shale oil industry. The seeming indifference of those most active and
interested in shale oil development to this project is surprising to say the
least. The water from this project would be particularly valuable because
of its relative purity as compared with the main stream of the Colorado
River. The weighted average concentration of dissolved solids in the
Colorado River near Cameo is estimated at 387 parts per million, and
2300 parts per million of suspended sediment, whereas the Crystal River
would be below 225 parts per million of dissolved solids and below 220
parts per million of suspended sediment, according to the United States
Geological Survey2.
In the report of Raymond Hill, mentioned before, it is stated:
Opportunity exists for the creation of a suitable reservoir by construction
of a dam in DeBeque Canyon at the lower end of the valley within which
the industrial development would presumably be centered. Diversion re
quirements of such industries could be satisfied by the withdrawal of water
from the reservoir without regard to the inflow at the time. Return waters,
except the very small proportion which might be unduly contaminated by
chemical processes, could be returned to the same reservoir without waste
downstream. All irrigation requirements in the Grand Junction area could
be satisfied, without conflict with any other use, by the release of water from
the reservoir, and the average quality of the irrigation water would be
somewhat improved over that now available in the summer months.
It is recognized that the cost of construction of such a storage project would
be large, primarily because of the necessity of relocating the trunk highway
and railroad which now follow the Colorado River. This cost, however,
would be insignificant in comparison to the tremendous capital investment
which must be made to industrialize the region, and which will not be made
until there is assurance of ample
water.3
It is ironic that bids are being opened in May for a new highway to
extend through the Placita reservoir site, the Placita Reservoir being the
primary storage unit for the West Divide Project.
Likewise, Interstate Highway No. 70 will, before long, be completed
through the site of the proposed DeBeque Reservoir. Both reservoirs in-
2 Mineral and Water Resources of Colorado: United States Geological Survey Report, 19b4, 247-249.
3 Depletion of Surface Water Supplies of Colorado West of Continental Divide: Leeds, Hill and
Jewett, October 31, 1953.
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Other storage possibilities exist on some of the side streams tributary
to the Colorado River, but not of major storage significance.
In any consideration of water requirements, it is important to remem
ber that there is a great difference between the amount of water required
to be available for diversion from the stream, and the net depletion result
ing from the use. In other words, the return flow is of great importance
in determining the amount of water that can be withdrawn from a stream
because it will serve to fill downstream senior rights and compact com
mitments. According to Raymond
Hill4 it is contemplated that a reser
voir in the DeBeque Canyon would provide water that could be used and
reused, thereby supplying water for large diversion requirements, with
only the net depletion charged against the use.
If we accept the fact that large scale oil shale development will occur
with a corresponding necessity for large scale water development by way
of storage, then prompt planning and action become a matter of necessity.
Experience dictates that the individual oil companies, water users and
prospective water users will not undertake or arrive at an overall plan of
water development adequate for the purpose.
Concluding then, that large scale water storage is a necessity. I pose
this question: Considering the tremendous stake the United States has in
shale oil. whether through Naval reserves, other public lands, or simply in
the national interest according to the Interior Departments avowed policy,
why should not the Secretary of Interior promptly proceed with planning
and engineering to assure water storage adequate to meet shale oil needs?
Such planning and engineering would be consistent with the duty im
posed upon the Secretary by the Boulder Canyon Act; it would answer
some of the questions that must be answered to carry out the Secretary's
responsibilities under the Upper Colorado River Storage Act. In the re
cent United States Supreme Court case of Arizona vs. California the Sec
retary was confirmed as the Water Master of the Colorado
River,'
and, for
better or for worse, will have the enormously complicated task of admin
istering and dividing its waters according to compact requirements.
Within Colorado, because of the necessity of coordinating Federal Recla
mation projects constructed, or to be constructed, with State water admin
istration, the Secretary will play an ever increasing role in water adminis
tration.
Precedent exists for such planning and engineering. To meet a more
immediate, but not less important problem, the Secretary, through the
Bureau of Reclamation, formulated and issued its Pacific Southwest Water
4 Depletion of Surface Water Supplies of Colorado West of Continental Divide: Leeds. Hill and
Jewett, October 31, 1953.
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Plan to relieve an acute water shortage in Arizona, Southern California
and other Lower Basin States. In speaking of that plan, Commissioner of
Reclamation, Floyd E. Dominy defined the role of the Secretary as follows:
Our job is not to make policy. Our job is to investigate and present our
findings, first to the Department and the Executive Branch of the Govern
ment, and then to the Congress. We then carry out their instructions and
authorizations in developing the waters of the \^ est.
The point I would emphasize is that I would not. particularly before
this group, advocate enlarging the role of the Secretary of Interior in the
shale oil program. I would urge that we be realistic, that we accept the
fact that large scale storage developments on the Colorado River must
necessarily involve the United States. More important, we haven't time to
wait. The average lead time from planning to delivery of water in a large
project ranges from ten to thirty years. In the eleven years since the
Shale Oil Committee submitted their report, no one has attempted to an
swer the questions asked, particularly the $64.00 question, "Whether 625
cubic feet per second of Colorado River Water will be available to a shale
oil
industry?"
Before a major shale oil industry can get off the ground,
that question must be answered.
DISCUSSION
Question: Mr. Delaney, did I understand you to voice an opinion
that you felt that the Department of the Interior, along with the Bureau of
Reclamation, the Upper and Lower River Compact, the Boulder Canyon
Act, have interfered with this state's development of its natural resources,
and is an indication to the oil shale industry io try to avoid this same
problem by not asking too much help from the Federal Government?
Delaney: No, by no means. I don't submit that the Department of
the Interior has interfered in any manner. I think that were it not for the
Department of the Interior and the Bureau of Reclamation program, much
of what we have in western Colorado would never have existed. I submit,
and the point I'm trying to make is. that without the help and assistance
of the Bureau of Reclamation and the Department of the Interior, we're
simply probably not going to be able to develop a supply of water such as
is needed for major shale oil industry.
Question: Mr. Delaney, in connection with the Divide Creek Project,
your remark there was seeming indifference on the part of the oil indus
try to the Crystal River Project that this was surprising to you, I'd
like to say that I feel that the Crystal River area is a very good source of
water for the future shale industry. I think others who have studied the
matter indicate that it is. But the indifference on the part of the oil in
dustry is something that I would like to have you enlarge upon. What do
you think we ought to be doing about that project, and to whom should
we be doing it?
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Delaney: I didn't mean anything, of course, critical of the oil indus
try. I think that there are some major questions of policy involved inso
far as the procedures of the Bureau of Reclamation and the Department
of the Interior are concerned. Now, for example, on that project, there
will be, as I understand from the Bureau of Reclamation, a preliminary
report issued sometime within the next five or six months, and from what
I can learn I think there are two possible alternatives. One alternative
would set the project up, as it has been historically conceived, as primarily
an agricultural use. An alternate project, in the event there were justi
fication, or need, or, as a matter of policy (the Bureau of Reclamation is
directed to plan it), would contemplate a much larger storage, and a
much better adaptation, to the shale oil industry. I know that the Bureau
of Reclamation in its planning made inquiry, and I think they started out
with 14,000 acre feet that they could justify out of the entire project.
Subsequently, I believe, (this is not a published report or anything, and
it's partly hearsay), I believe they've raised that somewhat. But, for some
reason, whether it be through the lack of coordination, lack of common
policy or demands, a lack of solidified support, or some other reason, the
fact simply remains that they're proceeding on the basis of this project
apparently simply as a primarily agricultural development,without taking
into account the larger scope. That's why I'm posing the proposition that
I think this thing needs a re-evaluation whereby the Secretary of the In
terior would take into account this report, and they would set up machin
ery whereby this quantity of water would ultimately be available.
Question: Bob, I'm Ralph Sargent of Public Service Company. I un
derstand at the last meeting of your District, there was some open discus
sion of the possibility of a reservoir which would be contemplated to be
constructed by the District, which might lie between De Beque and Grand
Valley. In fact, I understand that the discussion contemplated that this
reservoir might be jointly constructed by the District and the Denver Wa
ter Board. Can you comment on that at all at this meeting?
Delaney: Some preliminary, as I understand, ideas, have been ad
vanced about constructing such a reservoir. I might say that in past years
there have been various projects advanced by the Bureau of Reclamation,
one of which would even contemplate taking water from the Gunnison
River, dropping it into the Colorado to make replacement to enlarge the
amount that could be used out of the Colorado. Another one that was in
vestigated a few years ago was the idea of building this De Beque Canyon
reservoir, that Mr. Raymond Hill commented about. The project that was
discussed the other day in the Colorado River Water Conservation Dis
trict Board of Directors meeting pertained to a smaller reservoir up
stream from this, and primarily related to the development. I
think (as
far as the Bureau is concerned), of the Blue Stone Project. I think,
prob-
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ably, that in a sense the development of that for agricultural purposes is
somewhat incompatible with the larger development of the available wa
ters in the river, and while it's true there is some thinking about it, it
doesn't envision or contemplate anywhere near the quantities available for
shale that the Shale Oil Committee discussed.
Jack Phillips, Bureau of Mines, Washington, D.C: As I recall, at
the time the Hill report was written in 1953. it was concluded that there
was enough water available at that time, potentially, to support a 2,000,000
barrel a day industry. I don't recall the exact figure. What is the picture
now? Have there been commitments made since that time that materially
reduce the amount of water that's potentially available, assuming in each
case that you have an adequate reservoir system ?
Delaney: Assuming there's an adequate reservoir system, I under
stand there would be water available, according to either Mr. Hill's esti
mate of some 350,000 acre feet per annum, or according to the larger esti
mate of the Shale Oil Committee of in excess of 445,000 acre feet. That's
my understanding.
Question: Your comments that immediate action might be required 1
think are well founded. Last Tuesday they had a meeting of the Colorado
Planning Commission in Grand Junction with the commissioners of the
Fourth District. Engineer McCoy pointed out that the interstate would be
completed by 1972. At this time we only have 30 miles of that 260 be
tween Denver and Grand Junction. If the De Beque Dam is to be built, it
will be real important as to which side of the lake reservoir that the high
way goes, from the development of shale. They are about to let contracts
for feasibility studies of the location of this highway within the next few
months. So I think we do have some immediacy involved here. My ques
tion, based on that, is how far along is this De Beque Dam Project?
Delaney: As to how far along it is, I don't think the project as such
has really gotten anywhere. It's merely one additional tentative idea. In
other words, I think when we speak of the project, why, there have been
about four or five different ideas entertained over the years. Now I
know, a few years ago, the Colorado River Water Conservation District
proceeded to the point of drilling out some reservoir site holes to test the
materials. Planning had progressed with a view to relocating the highway
that would go over the top in such a way that it wouldn't interfere with it.
Plans had progressed, and some consultations occurred about moving the
railroad, but unfortunately, those things fell by the wayside. Then the In
terstate Highway Program came along, and now apparently the possibility
of the reservoir site there is being disregarded, or it's simply figured that
the interstate highway would have to be relocated if it's ever constructed.
IMPORT POLICY AND SHALE OIL
L. L. Starlight
I. INTRODUCTION
At the Western Resources Conference held last July in Boulder, As
sistant Secretary of Interior John Kelly stated that the Federal Govern
ment's role in connection with the development of the shale oil industry
will be considerably greater than the "hands
off"
policy being followed in
respect to other energy sources1. While there are those who might be in
clined to question whether "hands
off"
is really the most appropriate de
scription of current government policy toward fuels, there is little doubt
that government policy will be decisive in determining the fate of the shale
oil industry. Of the four major categories of Federal and State Govern
ment policy affecting shale oil, a) leasing policies for government lands,
b) tax policies, particularly the question of percentage depletion, c) poli
cies having to do with prorationing of oil production and d) import poli
cy, my remarks will be confined solely to the last. However, I think it im
portant to indicate at the outset that misguided policies followed in other
of the areas mentioned could prove to be as great or greater obstacles to
efficient development of our enormous oil shale resources as inappropriate
policy in respect to imports.
Having indicated my awareness that there is more to the subject of
government policy and shale oil development than import policy alone, I
would like to spend the rest of the time allotted to me examining the im
portance of import policies and their relation to the future prospects of
the shale oil industry.
It might be well to begin by taking a brief look at present policy in re
spect to the limitation of oil imports into the United States and its justifi
cation.
II. THE JUSTIFICATION FOR LIMITING OIL IMPORTS
For the past 31 years the U.S. Government has followed a general poli
cy of seeking a gradual reduction of barriers to international trade to be
accomplished among nations on a non-discriminatory, multilateral basis.
The current manifestations of this policy are the negotiations now under
way in Geneva which have as their objective a reduction of remaining
duties by 50 percent across the board the so-called Kennedy Round of
tariff negotiations. As a result of the liberal trade policy followed over
Senior Economist, Continental Oil Company, Houston, Texas.
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the past three decades, U.S. tariffs today on imports subject to duty aver
age only 12 percent as compared to 53 percent in
1930. The movement to
reduce barriers to world trade has been supported by most economists
since Adam Smith on the grounds that by having each nation concentrate
on what it can produce most efficiently, resources are allocated better on
a world-wide basis with greater production and welfare than would be the
case under a policy of trade restriction. Over the years most economists
have opposed tariffs because they are believed to result in a misallocation
of resources and quotas because, in addition, they necessitate an overriding
of the market price system in determining who can import and export and
in what amounts.
The mandatory policy restricting imports of oil
from abroad, followed
in this country since 1959, however, is not as inconsistent with either our
general trade policy or theoretical economics as may
appear at first glance.
From Adam Smith's day down to the present, economists have recognized
that there are valid grounds for limiting imports. Smith himself gave two
justifications for imposing trade restrictions which appear to be particu
larly applicable to an appropriate import policy as far as shale oil develop
ment is concerned. These were the need for protectionism, 1) when some
particular industry is necessary to the defense of the country, i.e.. the na
tional security rationale, and 2) in order to make it possible for a new
industry to be developed to the point where it can compete with foreign
production the so-called infant industry argument.
If we look at the industrial countries of the Free World, we find a gen
eral reluctance to depend entirely on free market forces in respect to fuels,
largely because of the validity of Smith's national security argument.
Thus, the overall objectives of most industrial countries in respect to fuels
are twofold: 1) to secure low cost energy necessary to encourage eco
nomic growth and to remain competitive in world export markets, and 2)
to maintain a degree of security over the supply of energy sources. Else
where I have tried to show that in essence the measures adopted by the
Free World industrial countries in pursuit of these common objectives are
remarkably similar2. It should be noted that for the countries concerned
these objectives of low-cost energy and security of supply are inconsistent
with each other, since low-cost energy today is synonymous with importing
Middle Eastern or African oil, while security of supply implies reliance on
domestic fuels, or at least on fuels located in areas controlled by politically
stable, friendly governments. These contradictory objectives are recon
ciled by adoption of policies aimed at providing an appropriate mix of
low-cost energy and security. Low-cost energy has been sought in Western
Europe by relying upon imported oil to the extent of providing 37 per
cent of total energy requirements, while the United States has also main
tained its low-cost energy position through large imports of foreign oil.
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At present, oil imports account for 7 percent of our total energy consump
tion, and 20 percent of total oil consumed. As to security of supply, this
is sought in Western Europe by. 1 ) maintaining in being a large, ineffi
cient coal industry. 2) by attempting to import crude oil from a variety of
geographically dispersed sources, 3) by holding fairly high oil stocks, and
4) by reliance upon the excess oil productive capacity in North America.
Even though it is no longer possible to make up for a complete stoppage
of Western Europe's oil, the bulk of which is presently obtained from the
Middle East and Africa, without the large shut-in productive capacity in
the United States and Canada to serve as a nucleus of emergency supply,
any scheme for diversification of sources of oil supply for Europe is non
sense. This has been pointed out forcefully by Harold Lubell in his excel
lent study entitled. Middle East Oil and Western Europe's Energy Sup
plies3. But what about security of supply in the United States? Security
of supply in the United States is dependent not only upon the existence of
excess oil productive and refining capacity, but also upon maintaining a
"safe'7
level of oil inventories in the ground in the form of proved reserves
a safe level being considered roughly 12 years supply at the current rate
of production. The U.S. Government has attempted to maintain security
of oil supply through a combination of tax policies effecting oil and gas,
through support of state prorationing regulations, as well as by the re
striction of oil imports. A look at the method of controlling oil imports
and how it has worked since its imposition in March, 1959, might be in
order here.
III. RESTRICTING OIL IMPORTS AND ITS EFFECT
Briefly summarized, our current system of control divides the country
into two principal areas for control purposes, the West Coast, including
Alaska and Hawaii, and the rest of the country. On the West Coast (Dis
trict V). imports of crude oil. unfinished oils and refined products are al
lowed to fill the gap between the area's demand for oil and domestic sup
ply. In the rest of the country (Districts I-IV) the total amount of oil im
ports (excluding residual oil) is fixed at 12.2 percent of estimated domes
tic production of crude oil and NGL. As you know, at the import hear
ings held in March there was a divergence of opinion as to how well the
above system has worked since its inception. The facts are that over the
first six years under the Mandatory Program total crude oil imports into
the United States rose on a national basis 27 percent. However, in Dis
tricts I-IV over this same period the total increase in crude oil imports
was less than 8 percent and offshore imports actually declined. The situa
tion on the West Coast, which is of particular significance to shale oil was
rather different. In District V over the 1958-1964 period total crude oil
imports rose 110 percent, with imports from Canada increasing more than
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450 percent and offshore imports increasing by 54 percent. Critics of the
present system have alleged that it has failed to prevent a rise in the de
pendence of the United States upon imported oil (from 18.2 percent of
total demand in 1958 to about 20 percent at present) and that it has not
contributed sufficiently to maintenance in being of a healthy oil industry
here as evidenced by the fact that there has been a steady decline in the
ratio of reserves to production of total liquid hydrocarbons. The amount
of exploratory drilling and the number of well completions have fallen
steadily since 1959, which is not surprising in light of the data which show
that in the face of stable or slightly declining crude oil prices, there has
been a steady rise in the cost of finding and developing a barrel of oil.
Rising costs have resulted from the need to drill deeper to find oil, plus
the fact that we are finding fewer barrels of oil per foot drilled. It is worth
pointing out here that there are those who challenge the validity of the
data showing these trends, but in justification for citing them one can
mention that they appear to have been accepted by the government agency
chiefly concerned with oil matters4.
In the face of this somewhat contradictory picture of progress toward
the objective of maintaining security of oil supply, the question arises as
to what is the most appropriate import policy for the future. I would sug
gest that this question is of increasing urgency for a reason which has gone
virtually unnoticed. This is the fact that there appears to be emerging in
the United States what might be termed a liquid fuel gap. The nature of
this gap is as follows. Ever since 1948 we have had in the United States
capacity to produce crude oil and NGL in excess of both actual produc
tion and oil demand. While it is true that our productive capacity is still
in excess of our actual production by about 3 million b/d, capacity has
only been about one million b/d greater than oil demand in recent years.
It is likely that sometime prior to the end of this decade capacity to pro
duce conventional crude may be increasingly exceeded by oil consumption
ergo, a widening liquid energy gap. While national self-sufficiency in
liquid hydrocarbons is not a stated objective of the import program, it
would seem an inescapable conclusion that in a real sense the national se
curity posture of the country has been adversely effected by a change from
a position in which we could, if required, cover all our own oil needs to
one in which we increasingly cannot.
If the policy of reliance upon indigenous oil to meet the bulk of our
needs is to be continued over the longer run, there are excellent reasons
for believing that careful consideration should be given to the effect of oil
import policy not only upon conventional liquid hydrocarbons, but also
upon the development of the shale oil industry.
Professor Galbraith's statement notwithstanding, the significance of
oil shale from the point of view of the United States and Western Euro-
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pean security should not be underrated in light of the enormous quanti
ties of oil involved, an amount in excess of three times the present proven
world conventional oil reserves, and the fact that these oil shale deposits
are not subject to the same uncertainties of search as conventional oil5.
These important strategic attributes of oil shale have been recognized not
only by high United States government officials (I refer here for example
to Secretary Udall's instructions to the Oil Shale Advisory Board) but also
by Western European governments, as indicated by the participation of
two French national oil companies in the investment to be undertaken in
the important commercial shale oil venture of the Colonial Development
Company. Lip-service paid the importance of oil shale to national secur
ity, however, is not a substitute for careful analysis of the implications for
shale oil development of changes in government policy.
In assessing the impact of import policy on shale oil. it is important to
examine those characteristics of shale oil production which distinguish it
from conventional oil production with which it must compete to become
commercially viable. The following differences I believe to be of signifi
cance from the point of view of import policy:
1. Minimum investment requirements for shale oil production are
considerably larger than conventional oil finding and development costs.
It is estimated that to produce shale oil at a price competitive with
that of conventional oil it will be necessary to construct facilities with ca
pacity to produce from 25,000 b/d to 50,000 b/d, requiring a minimum
initial investment of from $45 million to $100 million. Although to find
and develop a conventional field of equal capacity could involve larger
expenditures, it is possible to conduct exploration and development on a
much more modest scale. This option is not open to shale oil producers.
2. The total investment in shale oil production must be completed be
fore income can be obtained, while development of a conventional oil field
of similar productive capacity could be spread out over a number of years
with income produced from the field providing finance for further devel
opment.
The time required to complete investment in a shale oil project before
income is received is probably longer under present conditions than is
true for conventional oil. A conservative estimate might be four years to
construct shale oil facilities (50,000 b/d capacity) from scratch, whereas
income from conventional oil could be produced in a shorter period from
the time the initial investment was made.
3. Land costs are smaller in the case of shale oil than conventional
oil.
The price which must be paid for the better grade of oil shale land re
quired to make shale oil competitive with commercial oil, at current
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prices works out to about 10 cents a barrel. For conventional oil this cost
varies enormously, but in recent years in the case of better prospects, off
shore Louisiana, for example, the average land cost per barrel has been
higher.
4. On the average, operating costs (out-of-pocket) are expected to be
higher in the case of shale oil than conventional crude oil.
Although cost data pertaining to the production of shale oil will re
main highly speculative until commercially scaled facilities have actually
been placed in operation, under favorable conditions for producing shale
oil (i.e., processing shale containing from 30-37 gallons of oil per ton)
operating costs excluding royalties are expected to be on the order of 90
cents per barrel, as compared to operating costs of from 50 to 70 cents a
barrel in the case of an average primary conventional crude oil.
5. Since shale oil is essentially an entirely new industry, decisions re
garding future production must be on a full cost basis.
This is not true for conventional oil, because enormous sunk costs
have created a vast production potential which would be economical to
operate, if necessary, on an incremental cost basis.
The differences which I have mentioned lead me to the conclusion that
import policy, and uncertainty concerning a major change in import poli
cy, have a far greater impact on shale oil development than on conventional
oil production. This can be illustrated if we remember that import policy
makes itself felt chiefly through its effect on the supply of low-cost oil,
and thereby on the general level of oil prices. Let us look first at the
greater inhibiting effect uncertainty over government policy as concerns
imports is apt to have on shale oil development than on conventional oil
production.
1. // government intentions are not clearly spelled out, and there is a
possibility that import controls will be relaxed to the extent that oil prices
might decline significantly from their present level, development of the
shale oil industry, despite significantly smaller finding costs would be
harder hit than conventional oil for the folloiving reasons:
(a) The larger minimum capital requirements represent to the
investor a far greater risk than conventional oil development
which can be undertaken on a much more modest scale.
(b) This risk is increased by the longer period which must tran
spire before income would be received from a shale oil investment.
(c) Risk is further magnified by the higher level of operating
costs of production of shale oil. This provides less scope for con
tinuing operations, and thereby making some contribution to over
head costs, in the event that the price level should decline below the
level of average total unit costs for a period of time.
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2. In the event that import controls actually were relaxed, there is no
doubt but that the development of the shale oil industry, which under
present circumstances is at best only on the margin of becoming commer
cially viable, would be seriously set back. Because of the differences be
tween shale oil and conventional oil which I have listed, the decline in oil
prices which would accompany such a relaxation of import controls,
would have a more adverse effect on shale oil than conventional oil pro
duction.
For example, shale oil would be harder hit because land costs are rela
tively small. In a competitive situation, lower prices for crude oil could
lead to a decline in the price paid for new oil and shale lands, but the mar
gin for shrinkage in these costs is less per barrel of shale oil than conven
tional oil. Secondly, even with a considerably lower oil price than cur
rently prevails, a large quantity of domestic, conventional crude oil pro
duction would remain competitive. John H. Lichtblau, Research Director
of the Petroleum Industry Research Foundation, Inc., last year suggested
that even with complete elimination of the present system of import con
trols domestic crude oil production in the U.S. in 1962 would probably
not have declined by over 1.35 million b/d6. While a policy change of
this nature would seriously impair the willingness and ability of the con
ventional oil industry to replace the oil produced, it would probably lead
to a complete abandonment of shale oil development. Shale oil production
in essence is on a full cost basis, while conventional oil production in the
short run, at any rate, can operate on an incremental
cost basis. In other
words, for the reasons mentioned, shale oil is far more sensitive to reduc
tions in price its supply curve is more elastic, economists would say
than that of conventional crude oil.
Continuance of the Present Structure of Import Controls
I have indicated why uncertainty as to a major
change in import con
trols or substantial relaxation of import controls will adversely effect shale
oil development. I would like now to examine the prospects for shale oil,
should such uncertainty be reduced, and the
present level of protection
and system of import controls be maintained with only minor modifica
tion a likely outcome of the review of import controls
now under way.
In attempting to quantify the
outlook for shale oil, it is probably well to
confine our horizon to the end of this decade since beyond 1970 the as
sumption that other important factors in the oil environment will remain
basically unchanged may not be warranted.
A. The West Coast Market
Let us look first at what has been assumed to be a natural market
for
shale oil the oil deficit area of the West Coast (District V) , the oil defi
cit for the area being defined as the difference
between total demand in
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the area, including exports and shipihents outside the area, and the locally
produced supply of crude oil and NGL. Between 1952 and
1958 the oil
deficit on the West Coast increased dramatically from 42,000 b/d to
343,-
000 b/d. Over the next six years, the deficit of local supply nearly dou
bled so that by 1964 the area was deficient by some 680,000 b/d accord
ing to preliminary estimates. It is estimated that over the next six years
the growth of oil deficit will slacken as local crude production begins to
increase substantially. Thus the deficit may grow only 120,000 b/d, or 17
percent, between 1964 and 1970, reaching a level of 800,000 b/d in the
latter year. A deficiency of locally produced oil of this magnitude would
appear to represent a sizable market for shale oil, but let's take a closer
look at the nature of this deficit, how it was filled last year, and some esti
mates of what the situation is apt to be like in 1970.
The Oil Deficit in District V
(thousands of barrels daily)
1952 1958 1964 1970
Total demand (1) 1,106 1,280 1.598 1,900
Local supply
(li) 1,064 937 918 1,100
Deficit 42 343 680 800
1
Includes exports and shipments to rest of the U. S.
2
Includes District V crude oil and NGL.
Although the oil deficit in the West Coast area totalled 680,000 b/d in
1964, the requirements for crude oil from outside the area amounted to
only 447,000 b/d as product imports from other areas and a reduction of
stocks totalled 233,000 b/d. This 447,000 b/d crude oil deficit was met by
imports from Canada of 141,000 b/d, from offshore of 247,000 b/d, and
from outside District V of 59,000 b/d. By 1970 the area's deficit is ex
pected to rise to 800,000 b/d; however, it is likely that the district's re
quirements for outside crude oil will grow less than 50,000 b/d over the
period through 1970. Improvements in refining technology will further
reduce the amount of crude oil required per barrel of product, and there
will undoubtedly be some further increase in product imports. If these
estimates are reasonable, the implication is that there is no crying need
for large amounts of shale oil on the West Coast for the remainder of this
decade. Shale oil can only win itself a foothold in California by backing
out of that market present sources of crude supply that is imported
crude, local crude or crude from outside District V. The ability of shale
oil to do this in a competitive market depends primarily upon the econom
ics of its production and transportation.
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Let us compare shale oil with two different crude oils now processed
by refiners in the Los Angeles area. According to refiners there, the
least profitable crude to run is the 40 degree gravity Four Corners crude
which can be landed in the area for $3.21 per barrel. More profitable would
be Minas 36 degree gravity crude which is sold for $1.77 a barrel FOB
Central Sumatra and which could be obtained in Los Angeles at $3.09 per
barrel, even with the purchase of a 70 cent crude oil import ticket, pay
ment of the duty, and allowing for an 8 cent gravity differential. Allow
ing a 60 cent a barrel pipeline charge from Colorado to Los Angeles, 40
degree gravity shale oil would have to sell at the plant gate from $2.49 to
$2.61 a barrel to meet the price of these competing crude oils. However,
due to an initial reluctance of refiners to use an unfamiliar input and pos
sibly higher processing costs shale oil initially might have to sell at as
much as a 10 cent a barrel discount as compared to conventional crude
oils. This would lower the netback of the plant to between $2.39 and
$2.51 a barrel. At this point, another aspect of the import quota system
comes to the fore. If the determination is made not to credit shale oil as
a refinery input in computing the import quota to which a refiner is en
titled (in other words to treat shale oil like topped crude oils), it would
be necessary to deduct another 10 to 14 cents per barrel (depending upon
the total refinery runs in District V of the purchaser) from the price of
shale oil to make it competitive with the price of conventional oils. This
would further reduce the price which could be charged at the plant for
shale oil to between $2.25 to $2.41 a barrel. Whether or not shale oil
production would be profitable in this price range depends upon the cost
figures used. Early estimates implied that using the Union Oil retort and
a 15 percent depletion allowance, in terms of 1957 prices, for oil sold at
the plant at a price of $2.25 a barrel, the return on investment would be
only around 6 percent7. On the other hand, a price of $2.25
would yield
a much more attractive return on investment on the basis of a cost of pro
duction of $1.60 a barrel which the Oil Shale Corporation (TOSCO)
claims to be possible8. However, until it has been established that shale oil
on a commercially viable scale can actually
be produced at or around this
cost level, it would not seem likely that any appreciable investment in shale
oil development for the purpose of supplying the California market
will
take place. Incidentally, the figures cited also indicate clearly why the
re
moval or relaxation of import controls would destroy any prospects for
shale oil to compete in West Coast markets. In the extreme case of com
plete removal of all import quotas, shale oil would have to sell for
no
more than $1.70 a barrel FOB Colorado to compete successfully with im
ported crude oil.
While the outlook for shale oil on the West Coast is not encouraging
in light of the expected upswing of local crude oil
production and the rela-
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tively unfavorable netbacks from sales there, a more
favorable situation
exists in the Mid-Continent (District II) market. The Mid-Continent is
another and larger oil deficit area. This deficit, that is the difference be
tween the area's total demand and locally produced oil, which amounted
to 1.18 million b/d in 1954, increased by an additional 544,000 b/d over
the next eight years. In 1962, 62 percent of this deficit was met by re
ceipts of crude oil from other districts, principally from Texas and Louisi
ana and to a lesser extent from the Rocky Mountain area. By 1970 the
total oil deficit in District II can conservatively be expected to increase
another 700,000 b/d to around 2.5 million b/d. Because of this large and
growing need for outside oil and the fact that
foreign oil is a relatively
unimportant factor, if shale oil can meet the price of Texas and Wyoming
crudes in the Chicago area, a sizable market could be developed over the
rest of this decade.
Fortunately, the prospects for shale oil becoming competitive with
conventional crude in the Mid-Continent market are brighter than they
are on the West Coast. Both West Texas and Wyoming 40 degree gravity
sweet crude can be landed in Chicago at around $3.40 a barrel (although
Canadian Pembina crude sold at a discount of 23 cents off posting could
be landed in Chicago at $3.20 a barrel, foreign crude oil shipments to
District II have been relatively unimportant in 1962 they accounted for
4 percent of crude runs) . To meet the price of competing domestic crudes,
shale oil would have to be sold at the plant gate in Colorado at a maximum
of $2.80. Even deducting 10 cents for a possible discount to break into the
market, and an additional 14 cents should shale oil not be counted toward
refinery inputs in computing import quotas, the netback to the plant in
Colorado might be on the order of $2.56 a barrel . This is considerably
better than what would be earned on arm's length sales to the Los Angeles
market, suggesting that the Mid-Continent, rather than the West Coast,
may be Colorado shale oil's natural
"export"
market. (However, a word
of caution might be advisable here. A precipitous invasion of the Mid-
Continent market by shale oil might trigger a competitive price reaction
on the part of conventional crude oil from Texas and Louisiana where ex
cess productive capacity looms large.) As you would expect, the sensi
tivity of return on investment to the shale oil price is considerable. For
example, in the case of a 50,000 b/d shale oil venture processing 37 gal
lons to a ton oil shale, a difference between a shale oil price at the plant
of $2.20 per barrel as compared to $2.60 per barrel, could mean a differ
ence in the discounted cash flow rate of return of a full four points, or 29
percent, that is between a 14 percent and an 18 percent DCF. The higher
of these two rates would seem to be close to the minimum return commen
surate with the uncertainties, particularly in respect to production costs
and the large minimum capital requirements involved in the undertaking
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of a commercially scaled shale oil project. It appears unlikely, however,
that even an 18 percent DCF rate of return would induce large-scale de
velopment of shale oil production until the cost uncertainties are reduced
by further research and development, and government policies in respect
to leasing of lands and tax treatment are clarified. In order not to close
on an unduly pessimistic note, I would like to emphasize that my remarks
concerning the present profitability of shale oil production had reference
to shale oil sales in competitive arm's length markets. Additionally, there
will undoubtedly take place some investment in shale oil production over
the remainder of this decade on the part of crude-short integrated oil com
panies which may find shale oil an attractive alternative to the rising cost
of finding and developing conventional crude oil.
REFERENCES
1. Piatt's Oilgram News Service, July 20, 1964.
2. Starlight, L. L., 1964, "Petroleum Imports and International Economic
Policy,"
a paper presented before the Rocky Mountain Economics Institute, June.
3. Lubell, Harold, "Middle East Oil Crises and Western Europe's Energy
Supplies,"
Johns Hopkins Press, p. 141.
4. U. S. Department of the Interior, "Appraisal of the Petroleum Industry of the
United States", January 1965.
5. Interim Report of the Oil Shale Advisory Board, February 1965.
6. Piatt's Oilgram News Service, June 26, 1964.
7. Miller, E. P. and Cameron, R. J., 1958, Journal of Petroleum Technology, August.
8. World Oil, February 1, 1964.
DISCUSSION
Question: Canadian oil might offer considerable competition if the
limitation on their production were removed for the District II area
that you were discussing.
Starlight: Yes, that certainly would be the case. I think the
real
problem there would be just that of Canadian oil moving into that market,
whether it's conventional crude oil, or oil produced from tar
sands
(which apparently is designed to move
into the market) . So I agree that
it would prove a factor, depending upon the price at which they
would be
able to sell it.
Question: Mr. Starlight, did I understand you to say that . . .
(This
refers to Mr. Starlight's statement: "The price which must be paid
for the
better grade of oil shale land required to make shale oil competitive with
conventional oil, at current prices works
out to be about 10c a barrel. )
Starlight: That's a very rough estimate
that I've made. I would
guess they would vary all over the place,
but that seems to be the price, for
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at least the present, for the kind of oil shale which would be competitive
to conventional crude oil at the present time. I am sure poorer grade oil
shales would sell for even less than that.
Questioner: I'm going to have a look at my own figures; I think it's
a penny a barrel.
Starlight: Well, maybe, if you're talking about this ... I was con
sidering 37 gallons to the ton, but if it's a penny a barrel, I think my point
is made even more strongly than if it's 10c a barrel.
Harold Carver: Dr. Starlight, in speaking of 40 degree gravity shale
oil, what kind of an oil are you referring to, and how much has it been
refined ?
Starlight: Well, I think it has been hydrogenated and coked . . .
that's about all.
THE CAMERON AND JONES VERTICAL KILN
FOR OIL SHALE RETORTING
Russell J. Cameron
The vertical shaft kiln has long been used for oil shale retorting. Brit
ish Patent No. 13271, issued to Henderson in 1873, described a vertical
retort that with amazingly little modification still is used to process oil
shale today. This patent was the origin of the Scottish retort usually
known as the Pumpherston. Hundreds of Pumpherston-type retorts have
been built including at least two in the United States. The Southern Pa
cific Railway Company tried a Pumpherston at Elko, Nevada around
19202.
Another vertical shaft retort is that used in the familiar NTU process
patented by Dundas and Howes (U.S.Patent No. 1,469,628) in 19233.
The NTU has been used to process a variety of oil shales and oil-saturated
rocks, and although operated batch-wise, it nevertheless pointed the way
toward the development of the retorting concepts embodied in the
present-
day Gas Combustion and Union processes. A pair of 40-ton capacity
NTUs were the first oil shale retorts installed at the Bureau of Mines
Rifle plant in 19464,5.
Another shaft kiln that probably is the most successful of all oil shale
retorts is the Fushun, developed by modifying the earlier Pintsch (Es
tonia) and the Inabe (Japan) retorts. The Fushun retort is used today
in Russia and Manchuria and may now be processing as much as 50,000
tons of shale per day in these Iron Curtain countries.
However, these retorts in common with all early oil shale processing
methods, lack one essential quality for low cost shale oil
production high
capacity. The Pumpherston retorts only 12 to 15 tons of shale per
day.
The latest revision of the Fushun retort used in Manchuria will handle less
than 200 tons per day. With yearly oil consumption in
the billions of
barrels and efficient oil shale plants expected to process up to 100,000 tons
of shale each day, it is necessary to devise retorts w ith individual
through
put capacities in the thousands of tons per day.
Modern Oil Shale Retorting Concepts
What are those features that are desired for the ideal oil shale retort
ing process? Obviously, minimum investment and operating cost per unit
President, Cameron and Jones, Inc., Denver, Colorado.
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of product are overall goals. The list of design criteria in table 1, if at
tained, would seem to approach an ideal system for retorting Colorado oil
shale.
Table 1. Oil shale retort design criteria
1. High capacity
2. Maximum yield of oil
3. Thermally efficient use only by-product fuels
4. Produce a usable product gas
5. Use no water
6. Easily disposable spent shale
7. Minimum mechanical complexity
8. Process both low and high grade shale
9. Use maximum particle size feed
10. Accommodate oil shale fines
How the criteria in table 1 have been taken into account in the devel
opment of the Gas Combustion process by the Bureau of Mines and sub
sequently in the design of the Cameron and Jones kiln, will become ap
parent. The Petrosix process developed by Petrobras, the Brazilian na
tional oil company, also is described since a C&J kiln has been designed
to retort Irati shale (Brazil) by this method.
The Bureau of Mines Gas Combustion Process
Figure 1 is a flow diagram of the Gas Combustion process as gener
ally conceived at the present
time.6 A stream of crushed oil shale enters
the top of an insulated, refractory-lined vessel and moves downward as a
continuous bed. A counter-current flow of gases cools the retorted or
pyrolyzed shale in the bottom half of the vessel and heats the bed in the
top part.
The gas entering the bottom of the vessel to cool the spent shale is a
recycled product gas that has a heating value of about 100 Btu per cubic
foot. A portion of the bottom recycle is burned with air that is injected at
the mid-point of the retort. Additional recycle gas is added with the air.
Combustion takes place in the shale bed immediately above the air injection
level and some carbonaceous residue in the spent shale also is consumed
as fuel.
Oxygen-free combustion products emitted from the burning zone ex
change heat with the shale entering the vessel, bring the shale to retorting
temperature, then carry the oil from the retort as a mist. An electrostatic
precipitator removes the oil mist from the kiln's off-gas stream.
The shale and gas quantities are controlled such that there is essen
tially a complete exchange of heat between incoming and outgoing
streams and no outside cooling is required. The principal heat
require-



















FIGURE 1.-GAS COMBUSTION PROCESS FOR RETORTING OIL SHALE,
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ments are endothermic chemical reactions such as the
decomposition of
mineral carbonates but this consumption of energy is not large.
Approximately 6000 cubic feet of product gas (100 Btu or better per
cubic foot) are vented from the system for each ton of average-grade
shale. This gas is in excess of any heat requirements
of the process. The
product gas represents 10 to 15 percent of the original energy value of
the shale and may be used to generate electric
power or for other pur
poses.
Gas Combustion process6 pilot plant oil yields have equalled the
Fischer assay, and there seems to be no reason why a well-controlled com
mercial unit cannot achieve the same results. Approximately the same oil
recoveries can be obtained when processing either lean or rich shales.
Spent shale from the Gas Combustion process is a soft friable rock
containing 2 to 3 percent carbonaceous matter. Some decrepitation occurs
as the shale is retorted and burned but the amount of dust and fines is not
increased materially if the spent shale is not subjected to crushing action.
The Gas Combustion process when treating minus 3V2-inch shale is un
able to accomodate all the fines below 3/16 inch in size. Too many fines
clog the void spaces through which gases flow, causing channeling, high
pressure drop and other unwanted effects. A separate retorting process for
fines is considered to be desirable.
The Petrosix Process
The Petrosix process7, illustrated by figure 2, utilizes much the same
heat transfer system as the Gas Combustion process with the exception
that an outside furnace for the heating of recycle gas is required. No heat
is generated within the retort. Combustion air is not admitted to the kiln.
A part of the recycle gas is heated in the external furnace and is injected
into the retort at its mid-point. Additional cold recycle gas recovers heat
from the spent shale and combines with the hot gas to heat the shale in the
upper part of the vessel. Oil recovery and gas handling equipment are
similar to that for the Gas Combustion process.
The product gas from the Petrosix process is undiluted with combus
tion gases and may be processed for the recovery of sulfur, ammonia,
hydrogen and other valuable components. Hydrogen sulfide is present in
large quantities in gas from the Irati shale making the Petrosix concept
especially attractive for Brazil, a nation which imports most of its sulfur
requirements.
Oil yields in excess of the Fischer assay have been obtained in pilot
plant tests of the Petrosix process. However, some oil or gas will be re
quired for fuel unless spent shale can be burned to supply heat for the
process. There is no apparent reason why this will not be possible with
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Irati shale. A fluid-bed burner has been suggested for burning of carbon
from spent shale, and with water plentiful, a sluicing system for disposal
of the finely divided spent shale product is practical.
The Cameron and Jones Kiln
The Cameron and Jones kiln 8> 9 is shown schematically on figure 2.
Its essential parts, from the top, are, 1) an anti-segregation feeder, 2) a
gas-disengaging plenum, 3) a center gas injection level, 4) a discharge
grate, and 5) a conical bottom closure. Various features of the kiln are
patented in the United States and several foreign countries, with all pat
ents assigned to Cameron and Jones, Incorporated.
The design criteria discussed previously suggests that an acceptable
oil shale retort must have a capacity of several thousand tons per day. One
of the primary objectives sought in the C&J design was to be able to attain
uniform and controllable conditions in a large-diameter, large-capacity
retort.
It seemed desirable to attempt to design a cylindrical retort rather than
a rectangular one to be able to take advantage of the structural qualities
of a cylinder as well as its lower cost. From the process standpoint, "cor
ner-effect", the tendency of both shale and gas to behave erratically in
corners, also would be avoided.
A problem to be overcome in moving solids evenly through a large
cylinder is that of uniform withdrawal. A discharge grate was devised to
retard flow in the center to eliminate
"rat-hole"
effect. This device, de
scribed in more detail in the Appendix, can withdraw solids from kilns of
very large cross section without discernible differences in rate of move
ment from center to side. A film illustrating the performance of the dis
charge grate will be shown later in the presentation.
Another feature of the grate is its powerful but gentle pushing action.
Normally the friable spent shale is withdrawn from the bed without se
vere breakage, but, if necessary, there is sufficient power available to
crush any agglomerates that might be formed.
A further problem to be overcome in the design of large vertical kilns
is that of introducing the feed solids without causing the separation of
large particles from the smaller sizes. If one dumps 3/16-inch x 3}/2-inch
shale into the center of the retort, the large particles roll to the outside cre
ating greater void space at the walls than in the center. Gases, seeking the
path of least resistance, channel through the more porous bed near the
walls, creating non-uniform conditions within the vessel. A system of
feeding the vessel was devised that prevents serious problems of size
segregation. This device also is described and illustrated in the Appendix.
Another problem of large retort vessels that requires solution is gas
withdrawal. The gas flow pattern in the bed is quite sensitive to the point
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of withdrawal. For instance, a simple nozzle on the side of the vessel for
gas withdrawal would cause the gas stream to move toward the nozzle sev
eral feet below the top of the bed, and would create non-uniform condi
tions within the retort. A diaphragm across the vessel and located at a
height which is above the top surface of the bed of shale, with carefully
spaced holes for gas withdrawal, has proven effective in causing the gas
stream to flow counter to the movement of shale. The gas stream is re
moved from the vessel through a plenum chamber above the diaphragm
and into an outside manifold. As can be seen from figure 2 the shale feed
tubes pass through the plenum chamber without obstructing the gas
passage.
I have a film to show now which illustrates the flow of solids through
a vertical kiln, with the solids flow being controlled by one of our large-
diameter grate discharge mechanisms.
Experience to date has been obtained with two units of 18-foot diam
eter and a pilot plant with a 48-inch diameter grate. Indications are that
all major design objectives have been achieved.
The feed system has proved exceptionally effective in providing a
loose, unsegregated feed material which is maintained as a freely moving
bed of uniform consistency during its flow downward through the kiln.
Owing to the gas withdrawal system, gas flow patterns have been accept
able even in instances where the combustion zone is near the top of the
bed. The performance of the discharge grate has exceeded all our ex
pectations. The grate not only gives uniform solids flow but is excep
tionally rugged and easy to control.
The 18-foot kiln is of commercial size for many applications, having
a capacity of 1500 tons or more per day. For oil shale we consider larger
units to be desirable and have done sufficient design work to be confi
dent that 36-foot and even 45-foot diameter vessels are operable. Actually
there seems to be no reason, from a structural standpoint, why a 60-foot
vessel should not be possible.
Commercial Applications
For the past three years we have been concentrating our efforts on the
application of the G&J kiln in fields other than oil shale. The development
of an improved vertical kiln process for the burning of portland cement
clinker is well advanced with an 18-foot diameter prototype plant com
pleted this past year.
Our company financed and built a versatile portable pilot plant to in
vestigate other applications of vertical kiln technology and during the
past 18 months we have calcined limestone and phosphate rock, and pres
ently are using the kiln in the
production of coke from non-coking coal.
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The pilot plant tests appear to have been successful in each instance and we
expect prototype commercial units to be built for each application.
Our next move in oil shale will be the construction and testing of a
prototype retort approaching commercial size. We require no additional
pilot plant work. As yet no firm plans have been made but we are hopeful
of obtaining a sponsor within the next few months. It is timely to de
termine with certainty the cost and operability of a commercial-size Gas
Combustion retort and we believe our concept is an approach that will be
tested.
Costs
Based on experience in designing and building the 18-foot vertical ce
ment kiln, we estimate that commercial C&J oil shale retorts will cost less
than $225 per daily ton of capacity. This figure would include equipment
such as blowers, pumps, oil recovery system and other battery limits fa
cilities. Not included are mining or crushing facilities, storage tanks, power
plants, maintenance shops or the cost of site preparation or waste disposal.
We envision batteries of retorts with common shale feed and waste
disposal system as well as unitized control centers. We estimate the cost of
operation of such a retort installation at $0.15 per ton of shale feed. This
cost includes labor, maintenance, utilities and depreciation but does not
include royalties, taxes or allocated administrative expense.
Conclusion
It appears to us that the first commercial oil shale plants, and future
ones, until a new generation of processes have been developed, will utilize
two separate retorting processes. A vertical shaft retort will process the
coarse rock comprising 80 percent or more of the shale mined. The fines
will be retorted separately. In this way the feed to the plant will have the
lowest overall cost and will be processed most efficiently.
It seems possible too that the shaft kiln will be operated in pairs or
sets using low Btu gas from the Gas Combustion system to fuel a Petrosix
type process that will yield a high Btu gas suitable for hydrogen manu
facture. Hydrogenation of the retort oil to a synthetic crude is now al
most universally accepted to be a part of the shale processing sequence.
The shale must be expected to provide its own source of hydrogen.
As a final comment, I would leave the suggestion that the vertical shaft
retort for oil shale will be with us a long time. Present concepts are mere
ly improvements on time-tested principles. Oil shale retorts will continue
to improve as the blast furnace has improved. The blast furnace, after
100 years, still has no equal in the production of iron, and the blast fur
nace is a shaft kiln.
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APPENDIX
Description of the Cameron and Jones Kiln Discharge
Grate Mechanism
The major components of the C&J grate are the center (inverted) cone,
annular retarder plates, annular inverted
"V"
's, annular pusher bars,
pusher bar supports, and a power mechanism to drive the annular pusher
bars. The annular pusher bars are interconnected and form the movable
portion of the grate. Motion is imparted to the pusher bar assembly by
hydraulic cylinders which are powered by a variable-discharge hydraulic
pump.
The various components of the grate can be identified by reference to
the drawings on page 140 which present cross-section and cutaway views
of a typical mechanism.
The retarder plates keep the solids from flowing freely through the
annular openings, thereby keeping a bed of solids above the grate. Push
er bars operate between the bottom of the inverted "V"s and above the re
tarder plates to move the material through the grate. The pusher bars
have heavy wall steel pipes as their support and power-actuating mem
bers. The pusher bars, plus the heavy-wall steel pipe sections and smaller
bracing members, make up the moving section of the discharge grate.
Each of the heavy wall steel pipes is supported by universal j oint assem
blies spaced to allow short spans between the supports. Each assembly has
a universal joint at each end. These allow the moving mechanism to os
cillate with a circular motion in a horizontal plane.
The lower ends of the assemblies are fastened to beams bolted to the
supporting columns. Each steel pipe of the moving section is connected
through a heavy pin joint at its outer end to a short steel arm which, in
turn, is connected through a pin joint to the piston rod of a hydraulic
cylinder.
A number of hydraulic cylinders, depending upon the size of the grate,
are used to impart movement to the mechanism; and each cylinder is sup
ported and braced to the support columns. These cylinders are pinned at
their outer end, permitting free horizontal movement in the
plane of the
moving mechanism.
The whole moving grate mechanism is
horizontal at all times and
moves around the center line of the vertical supports in a horizontal plane.
The motion of each point on the moving mechanism is identical to all other
points and each point travels in an approximately circular figure. The
moving mechanism has been designed to
be always in tension. The hy
draulic cylinders pull the pusher bars toward the outside of the unit.
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Cutaway View of a Cameron and Jones
Grate Discharge Mechanism
U. S. Patent 3,027,147
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Assuming a ten cylinder assembly, only four cylinders, activated
through relays, are operating under pump pressure at any one time. For
example, cylinders 1 to 4 are pulling the moving mechanism toward these
cylinders; when No. 1 cylinder reaches the end of its power stroke, a re
lay is actuated which cuts off the oil pressure to No. 1 cylinder by oper
ating a hydraulic four-way valve.
At the same time another relay operates a four-way valve on No. 5
cylinder, which starts the oil pressure to No. 5 cylinder. At this time, cyl
inders 2 to 5 are pulling the moving grate. When the four-way valve
moves to stop oil pressure to a cylinder, it opens the return oil line at the
same time to allow the oil in the cylinder to flow back to the oil reservoir.
The above sequence is repeated when No. 2 cylinder reaches the end
of its power stroke and thereby starts No. 6 cylinder. The oil volume de
livered by the pump determines the rotation speed of the grate. Automatic
controls are used to govern the speed of the grate to keep the rate of ma
terial discharged consistent with process requirements.
Solids move through the kiln as a mass with little or no relative mo
tion until they approach the elevation of the top of the inverted "V"s.
Here the solids are diverted by the sloping sides of the "V"s toward the
annular openings between the "Vs.
As the solids move downward through the annular openings, they are
pushed by the pusher bars toward the outer edge of the retarder plate
during half of the rotation of the moving mechanism. The solids are
pushed by the pusher bar toward the inner edge of the retarder plate
during the other half of the rotation of the moving mechanism.
If a large agglomerate should be formed during operation, it can be
crushed by the action of the pusher bar pressing the material against the
lower edge of the center cone or the inverted "V". Considerable reserve
pressure capacity can be designed into
the hydraulic system when needed
to break up agglomerates.
Cameron and Jones has designs for grates up to 36 feet in diameter.
Mechanical design studies of 45-foot kilns have been made and no limita
tions have been found.
Description of the Cameron and Jones
Anti-Segregation Feeder for Vertical Kilns
The major components of the Cameron and Jones
anti-segregation
feeder are illustrated and identified on the cross-section drawing pre
sented on the following page.
The hopper receives the solids which are to be
processed in the verti
cal kiln. The hopper discharges into a rotating
"pants-leg"
chute which
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in turn discharges the solids into an annular stationary trough. Down
comer tubes carry solids from the annular trough and discharge
the solids
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The net effect realized by introducing the kiln feed solids through the
downcomer tubes is that the kiln is charged with solids at multiple loca
tions rather than at a single location.
During normal operation, feed solids completely fill the kiln, the down
comer tubes, the annular trough, the rotating chute and the hopper. As
the grate discharge mechanism operates, it controls the flow of solids down
ward through the kiln. Gravity causes solids to feed downward through
the downcomer tubes and the annular trough becomes depleted. Sensors
on the rotating chute then allow the movement of the rotating chute which
maintains the level of solids in the annular trough.
A typical method for controlling the solids flow rate is to utilize the
speed of the grate discharge mechanism. Thus, the kiln will handle solids
at the same rate they are received in the hopper. Solids flow rates could be
controlled in other ways, however, by regulating grate speed from sensors
which measure such variables as bed temperature, off-gas temperature,
or off-gas composition.
Size segregation in kiln feed solids is practically eliminated by this
feed system.
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DISCUSSION
John Pownall of Union Oil of Calif. : I wonder, Russ, if you could
tell us if you've made any runs on oil shale with this,
and maybe some
thing on the size range?
Cameron: The full scale unit has not yet been run on oil shale. The
project in Brazil (as many of you know, Brazil has had a few political
and economic problems over the last two-three years which have inter
fered with their shale project), this test unit to date has not been put
to wide use, you might say. Our pilot plant, which is not exactly the
same thing as the larger unit, has been operated only on that phosphate
rock, of which I showed you the picture. There the particle size range
of some of those pieces are three inches and larger, on down to zero.
But, we would, from a standpoint of reasoning, expect that you would
like to screen out, say, minus quarter-inch or even minus half-inch material
if you could process them in another retort and use the most favorable
size range of material that you could get. Four or five inches in maximum
particle size perhaps would be useful.
Tom Lyons: Is there a difference in the flow characteristics of spent
shale compared to raw shale?
Cameron : I think probably there is a difference in flow characteristics.
I don't think that the design would be altered greatly, however, to account
for that difference in flow characteristics. We have used different types of
material without serious differences. For instance, in the test on the
cement plant, we used crushed gravel for our flow test.
Jerry Upp of Skelly Oil: Will the Colony project utilize a vertical
shaft type?
Cameron: I'm afraid you'll have to ask the Colony people about this.
I understand that the retort which they're now building for testing is the
Tosco unit . . . the ball mill type.
Leroy Berti of CSM : You mentioned using a different retort for your
fines. Have you given any thought as to what type of retort?
Cameron: Well, I would hope that the Tosco retort would be available
for this purpose.
Cliff Farris of CSM: With your 18-foot diameter unit, how many
men will it take to run this unit in commercial operations?
Cameron: Well, in setting up batteries of retorts, we would expect
to use a considerable amount of remote control instrumentation, and this
should operate essentially as many modern refinery units operate with
some guy sitting in a chair looking at dials in a control house, and maybe
a man or two out solving troubles where they develop. Not very many
people. No.
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Louie Erck of Cleveland Cuffs Iron Co.: Most kilns have a
side-wall influence. The hood that you propose for your unit . . . would
this eliminate this, or would it still prevail, and what effect would it have
on the extraction of oil from the shale along the side-walls? Number two
question, what is the temperature of the flame front at the combustion
zone?
Cameron: Well, certainly wall effect, side-wall effect, is a real effect
that I know of no way to completely overcome. The smaller the unit, let's
say, the greater the area of wall compared to the volume of the vessel,
the greater your wall effect. Now the larger vessel you go to, the smaller
is this wall effect. So, when you get the vessels 18-feet to 36-feet in
diameter, the wall effect becomes almost negligible, even if there should
be some incomplete heating of the shale near the wall, let's say. So it's
not a very sizeable effect. The temperature and the flame front is some
thing that you control. You certainly want to maintain this temperature
below the fusion point of the ash, and just exactly what this level is




F, and probably less than
2000
F.
Maynard Born: I understood you to say that the Brazil unit is
1500-
tons per day. I wonder, what is the heat capacity of the heater that's
heating the recycle gas?
Cameron: I couldn't say. The 1500-tons per day I took as sort of a
broad range. We've actually designed the Brazilian unit for a higher
throughput than this, but 1500-tons a day seems to be a fairly safe range
of throughput for processing quite a number of materials. Some of them
can be considerably higher; others obviously will be lower.
George Kukuchek of Shell Oil Co.: Russ, on your test on the
phosphate rock, you mentioned that you had a low content of kerogen.
Are you in a position to tell us what that assay was, what your recovery
was, and was the process self-sustaining at these low orders of assay?
Cameron: I don't think I'd better talk too much about the details of
that; however, I can say that the process should be self-sustaining with
ease.
Question: Russ, why did you have to separate the fine from the
coarse? You said you'd run a coarse kiln and a fine kiln.
Cameron: Well, if we have all of the small sizes, small particles of
rock, in with the large rock, the small pieces fill up the void spaces and
cause channeling of gases. We're trying to have a bed through which
gases will flow uniformly at minimum pressure drop. We're trying to
whip these gases
through there at very high velocities, and the thing that's
the highest single cost of operation of a unit such as this, is the pumping
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of gases. So, removal of those small pieces, which just, you might say,
clog up the pore space of the moving bed, is an economic factor that you
usually can benefit by doing.
Harold Carver: Russ, I don't want to press this point, but I thought
perhaps you could state something about the thermal efficiency
of your
operation on the phosphate. You said it was self-sustaining. What was
the thermal efficiency?
Cameron: Well, let me give you a couple of numbers. In processing
Colorado oil shale, we can operate at somewhat less than 500,000 Btu/
ton, and this includes some endothermic reactions . . . decomposition of
mineral carbonates. For processing rocks that don't have a high endo
thermic heat requirement, we can get down to like half this amount, I
would say. So, 200,000-250,000 Btu/ton should be adequate to process
a rock that doesn't have any exceptional endothermic heat requirements.
OIL SHALE RESEARCH PROGRAM AT THE
INSTITUTE OF GAS TECHNOLOGY
Harlan L. Feldkirchner
INTRODUCTION
Work on the production of pipeline gas supplements from oil shale
has been conducted at the Institute of Gas Technology since 1954. Ini
tially, studies were made on the production of high-Btu oil gases (pro
duced by thermal cracking of oils) from crude shale oils. The objectives
of this work were to extend correlations previously developed at the
Institute for petroleum oils to typical domestic shale oils, and to deter
mine the substitutability of shale oil gases for high-methane-content
natural gas. Further correlations between oil properties and cracking
conditions and product yields and compositions were developed, and data
were obtained on substitutability for shale oil gases produced under
typical high-Btu oil gas operating conditions. This study was conducted
with bench-scale equipment.
An extensive study was then conducted of a new autothermic process
for producing a high-Btu pipeline gas from oil shale bv direct hydro
gasification at high pressures and temperatures. Experimental studies
were begun with small, bench-scale equipment and progressed to equip
ment of pilot plant scale.
A bench-scale batch reactor test program was conducted to show the
ultimate gaseous product compositions and yields as functions of the operat
ing variables: pressure, hydrogen/shale ratio, shale richness, shale par
ticle size, temperature, and shale residence time. A comparison of the
hydrogasification behavior of Colorado shale and selected shales of
eastern North America was also made.
This study was followed by a bench-scale semiflow reactor study for
the primary purpose of studying the kinetics and mechanism of the
hydrogasification reaction. Process variables that were studied included
temperature, pressure, and hydrogen flow rate. Continuous operation
was simulated, and the effects of the hydrogen /shale ratio on product
yield and composition was demonstrated.
Finally, a process variable study on pilot plant scale was conducted
with Colorado shale. Various gas-solids contacting schemes were studied,
which included cocurrent solids-upflow fluidized-bed. cocurrent solids
downflow moving-bed, and cocurrent free-fall schemes. Process variables
Chemical Engineer, Process Research, Institute of Gas Technology,
Chicago, Illinois.
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included pressure, temperature, shale space velocity,
hydrogen/shale
ratio, and feed gas composition. Hydrogasification with hydrogen, syn
thesis gas (a mixture of hydrogen, nitrogen, methane, carbon monoxide,
carbon dioxide, and steam produced by partial oxidation of shale oil
with steam and oxygen), hydrogen-nitrogen mixtures, and pure nitrogen
was studied. A few tests were conducted with an Indiana (New Albany
formation) shale.
On the basis of these experimental results, large-scale pipeline ga9
plants were designed so that detailed studies could be prepared of the
effects of operating variables and various
process routes on the cost of
pipeline gas. Although it was not possible to make a complete optimiza
tion of the operating conditions that would
minimize gas cost, the effects
of a major operating variable (the
hydrogen/shale ratio) and the effects
of using synthesis gas feeds on gas cost were
demonstrated. Cost esti
mates were also made for the hydrogasification of crude shale oil with the
use of information developed earlier at IGT on hydrogasification of
petroleum feedstocks.
EXPERIMENTAL WORK
High-Btu Oil Gas Program
This experimental program (described fully in a previous publica
tion10) followed the same general approach and used the same experi
mental equipment (fig. 1) as an earlier study on the selection of petroleum
oils for high-Btu oil gas
production."*
It was found in this earlier work
that the yields of tars, carbon, and product gas, and the composition of
the product gas are predictable from a knowledge of the feedstock
carbon/hydrogen weight ratio, the Conradson carbon residue of the feed
oil, and the cracking conditions (temperature, residence time, and partial
pressure of the oil gas leaving the cracking zone) . The physcial properties
of the tar were also shown to be related to the above variables.
Because of the difficulty of measuring or calculating true cracking
temperatures, residence times, and oil gas partial pressures, the true oil
gas (inert free) heating values were used to correlate oil gasification
yields and product compositions. The true oil gas heating value had
been shown in the earlier study mentioned above to be a good index of
cracking severity. This method of correlation was also found to be
applicable for shale oil gases.
The relationship between cracking temperature and true oil gas heat
ing value for several petroleum feedstocks and two shale oils is shown in
figure 2. The curve for shale oils falls roughly parallel to, and between
those for, a reduced crude and a New England gas enrichment oil and
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Fig. 1. -FLOWSHEET OF CRACKING UNIT
that for Bunker
"C"
fuel oil, for a constant residence time of 2 to 3 sec
onds. The crude shale oils tested were obtained from a pilot plant of the
U.S. Bureau of Mines (Gas Combustion retorting process) and from the
semiworks plant of the Union Oil Company of California.
A comparison of gasification yields and compositions for these crude
shale oils and a New England gas enrichment oil are presented in figure
3 for operation at conditions typical in production of high-Btu oil gas.
The gaseous product component yields followed the trends found earlier
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Fig. 2. -EFFECTS OF CRACKING TEMPERATURE AND OIL TYPE
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Fig. 3. -GASIFICATION YIELDS AND COMPOSITIONS
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for petroleum oil feedstocks. Hydrogen and total paraffin production de
creased rapidly with decreasing severity of cracking, while yields of pro
pylene and other higher unsaturates increased. Ethylene yields did not
vary significantly over the range of cracking severities indicated by true
oil gas heating values of 900 to 1400 Btu/SCF. Considerably more pitch
and less carbon were obtained with the crude shale.
A comparison of the pertinent physical and chemical properties of
these three feedstocks is presented below.
New England U.S. Bureau Union Oil
Gas Enrich- of Mines Company
ment Oil Shale Oil Shale Oil
Specific Gravity, API 19.8
Conradson Carbon Residue, wt. /c 5.7








Total 100.28 100.00 100.00
In spite of the lower carbon plus hydrogen content of the shale oils,
the gasification yields still appear to be defined by the carbon /hydrogen
ratio, as was found with petroleum oils. A comparison of Btu recoveries,
oil gas yields, carbon depositions, and tar characteristics for shale oils
and petroleum oils under typical high-Btu oil gas operating conditions is
shown in figure 4.
The substitutabilities of the shale oil gases for high-methane-content
natural gas were consistently better than for petroleum oil gases having
the same true oil gas heating values where yellow-tipping was the limiting
factor. (A yellow tip on a gas flame is due to the presence in the gas of
substantial amounts of higher molecular weight olefins and paraffins.)
The lower ethylene contents of the shale oil gases appeared to correlate
with their reduced yellow-tipping tendencies. The higher carbon monox
ide contents of these shale oil gases may have contributed to this im
proved substitutability.
Direct Hydrogasification Program
1. Laboratory Batch Reactor Feasibility and Process Variable Studies
The feasibility of producing a high heating value gas substitutable for
natural gas by the direct hydrogasification of the organic matter in Colo
rado oil shale (Green River formation) was demonstrated in laboratory
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API C/H CCR 'API C/H CCR
A.OIESEL OIL, 37.3 6.39 OO 0. SHALE 0IL8, 19.8-20.0 7.35-7.48 3.3-4.1
8. HVY. GAS OIL (ARUBA), 22.2 7.05 5.7 E. CAT. CRACK. RES. BLENO, 13.8 8.47 2.0
C. NEW ENG. GAS ENR. OIL, 19.8 7.23 5.7 F. BUNKER
*C"
FUEL OIL, 9.9 8.51 10.7
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Fig. 4. -COMPARISON OF BTU RECOVERIES. OIL GAS YIELDS, CARBON DEPOSITIONS
AND TAR CHARACTERISTICS FOR SHALE OILS AND PETROLEUM OILS
UNDER TYPICAL HIGH-BTU OIL GAS OPERATING CONDITIONS
batch reactor tests conducted as part of a program to produce natural gas
substitutes and supplements from liquid and solid fossil fuels. A diagram
of the experimental equipment is presented in figure 5. The results of
laboratory batch reactor testing have been presented in detail in previous
publications.9, 12
Data on the batch hydrogasification of a 22.9-gal/ton Fischer assay
Colorado shale were obtained at a maximum temperature of 1300F, max
imum pressures of 1200 to 5700 psig, and with hydrogen/shale ratios
equivalent to 50 percent to 200 percent of the stoichiometric requirement
for complete conversion of the organic carbon plus hydrogen content to
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methane. Nearly complete conversion of the organic matter to a high
heating value fuel gas was obtained in relatively short residence times at
1200F to
1300
F, with only little formation of carbon oxides from de
composition of mineral carbonates. These results indicated that future
supplies of natural gas might be supplemented with synthetic methane
from oil shale, particularly in areas served by transmission lines passing
near the Colorado deposits.
Typical results on the effects of pressure, temperature, and hydrogen/
shale feed ratio are shown in figures 6, 7, and 8. Although true reaction
rates and residence times are difficult to measure in partially stirred batch
reactors, the same general hydrocarbon hydrogenolysis reactions and the
same sequence of appearance of stable intermediates in methane produc
tion from higher molecular weight compounds was observed, as had been
observed in hydrogenolysis of petroleum oils and pure compounds related
to petroleum
oils.11, 13, 14, 15 The effects of time and temperature on pro
pane and ethane yields are shown in figures 9 and 10.
A survey of the properties and hydrogasification behavior of the ma
jor shales of eastern North America was also conducted. The analyses
and hydrogasification assays of these shales and of Colorado shale from
the Green River formation are presented in table 1. New Brunswick and
Colorado shales gave similar Fischer assay and hydrogasification product
yields. The New Albany shale had a very good hydrogasification yield
despite its lower Fischer assay oil yield. The organic matter of the other
shales was also found to be quite reactive.
2. Laboratory Semiflow Reactor Study of Reaction Kinetics and Process
Variables
The laboratory batch reactor studies were followed by a laboratory
semiflow reactor study of reaction kinetics and process variables (fig.
ll).2 The mechanism of kerogen hydrogasification, which was indicated
in the earlier batch reactor studies, was shown to involve initial formation
of intermediates at least partially recoverable as liquids at very short resi
dence times and/or low temperatures, followed by pyrolysis, hydrogena
tion, and hydrogenolysis reactions leading to gaseous aliphatic hydrocar
bons of decreasing molecular weight. At sufficiently long gas residence
times, the primary gaseous hydrocarbons were methane and ethane.
The rate of conversion of kerogen to gaseous aliphatic hydrocarbons
was found to be strongly dependent on temperature (fig. 12). The dis
tribution of gaseous aliphatic hydrocarbons as paraffins, olefins, and di-
olefins plus acetylene was also found to be strongly dependent on temper
ature (fig. 13) as was the total product carbon distribution as gaseous,
liquid, and solid carbon (fig. 14) and the apparent rate of mineral
carbonate decomposition (fig. 15). An increase in the feed hydrogen
flow rate produced a decrease in the product residence time. This resulted
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Fig 7 -EFFECT OF TEMPERATURE ON HYDROGASIFICATION YIELD
in an increase in liquids formation and a decrease in gaseous aliphatic
hydrocarbons as would be expected from the hydrogasification mechanism
discussed above.
Continuous operation was simulated and the effect of the hydrogen/
shale ratio, a primary hydrogasification variable, on yields
and organic
carbon conversion was studied (fig. 16) . The results of these tests showed
that at an average residence time of about 5 minutes, a maximum organic
carbon conversion to gaseous aliphatic hydrocarbons of about 63 percent-
65 percent could be achieved in a moving-bed reactor system.
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35.9 GAL/TON COLORADO OIL SHALE
IOO 150 200
TIME ABOVE 950F, MIN
Fig. 9. -EFFECT OF TIME AND TEMPERATURE ON PROPANE YIELDS
3. Pilot Plant Studies
Because of the promise shown by process and economic studies based
on the batch and semiflow test results, study of the direct shale hydrogasifi
cation process was initiated in a continuous pilot-plant-scale unit (fig.
17) . The objective of this work was to develop information for design of
full-scale plants for production of pipeline gas from oil shale. These stud
ies, carried out in a tubular reactor, evaluated the effects of important
process variables such as the hydrogen/shale feed ratio, feed gas composi
tion, shale space velocity, pressure, temperature, gas-solids contacting
scheme, and shale feedstock. A detailed account of the test program has
been published recently.3
The majority of the tests were made with Colorado
oil shale obtained
from the Union Oil Co. mine at Grand Valley, Colorado. The ranges of
process variables studied in the continuous-flow system are given below:
Hydrogen/shale feed ratio: 0% to 200% of the stoichio
metric requirement for complete conversion of the organic
carbon + hydrogen content of the shale to methane.
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Fig. 10. -EFFECT OF TIME AND TEMPERATURE
ON ETHANE YIELDS
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Total Pressure: 400 to 1600 psig
Shale Space Velocity: 50 to 900 lb/ft-hr in moving-bed
tests (residence times of 6 to 90 minutes; in free-fall tests,
residence times of approximately 3 seconds)
Feed Gases: Hydrogen, synthesis gas, nitrogen-hydrogen
mixtures, and
nitrogen.
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Fig. 12, -EFFECTS OF TEMPERATURE AND ORGANIC
CARBON CONVERSION TO GASEOUS ALIPHATIC
HYDROCARBONS ON CONVERSION RATE
The most important variable in determining the degree of conversion
of shale to gaseous hydrocarbons was shown to be the hydrogen/shale
ratio (fig. 18). As the hydrogen/shale feed ratio is increased, the con
version of organic carbon to gas increases and reaches a maximum value
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Fig. 13. -EFFECTS OF TEMPERATURE AND
FEED HYDROGEN FLOW RATE ON
AVERAGE GASEOUS ALIPHATIC HYDROCARBON DISTRIBUTION
DURING FIRST MINUTE OF GASIFICATION
of approximately 65 percent. Because liquid hydrocarbon products had
been found to deposit on the shale residue in the residue receiver, later
residue samples were extracted with a solvent. Increasing the amount of
feed hydrogen beyond about 90 percent of stoichiometric only results in
dilution of the product gas with hydrogen and no further significant con
version of kerogen. The only variations in gasification yields and product
distributions noted with changes in total pressure between 400 and 1600
psig were apparently the results of changes in the gas-phase residence time
with pressure.
The average bed temperature does have a great effect on the paraffin
distribution in the product gas (fig. 19). The methane/ethane molar
ratio increases very rapidly
as temperature increases above 1250F. Pro
pane and butane increase and pentane appears as the temperature is re
























































Fig. 14. -EFFECTS OF TEMPERATURE AND FEED
HYDROGEN FLOW RATE ON CONVERSION OF
ORGANIC CARBONS TO GASEOUS ALIPHATIC HYDROCARBONS
LIQUIDS, AND SOLID RESIDUE
These changes in gas composition are due to decreases in the rates of
hydrogenolysis of the heavier gaseous constituents to methane with de
creases in temperature.14 This verifies the mechanism suggested by the
earlier laboratory-scale work2 that the hydrogasification reactions pro
ceed via the stepwise destructive hydrogenolysis reactions of oil vapor
through successively lower molecular weight aliphatics, and finally to
ethane and methane.
There are indications that a maximum organic carbon conversion for
a given hydrogen/shale ratio occurs between temperatures of
1200
and




Fig. 15. -EFFECTS OF TEMPERATURE AND TIME ON
MINERAL CARBONATE DECOMPOSITION
1250F. A corresponding increase in residual carbon occurs above
1250
F, while increased liquid formation occurs below 1200F. In addi
tion, there is a rapid increase in mineral carbonate decomposition at
higher temperatures (fig. 20). It has been suggested6 that a portion of
the carbon oxides in the product gas results from the decomposition of
groups containing organic carbon-oxygen linkages such as carboxyl
groups.1
Shale residence time had virtually no effect on the conversion of ker
ogen to gaseous hydrocarbons and liquid products. Shale residence times
were varied from approximately 3 seconds in free-fall operation to 90 min
utes in moving-bed operation, with the majority of the tests being made
at a shale residence time of approximately 10 minutes.
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Fig. 16. -EFFECT OF HYDROGEN /SHALE RATIO ON
CARBON DISTRIBUTION IN PRODUCTS AND
AVERAGE INSTANTANEOUS CARBON GASIFICATION
The distribution of organic carbon between gaseous hydrocarbons,
liquids, and residual carbon products was essentially the same in free-fall
as in moving-bed operation. A reaction model was developed to ration
alize this important fact as well as the observed effect of the hydrogen/
shale ratio. From this reaction model the following two empirical equa





XRt = 0.10 +
0.38e"-s
where
XGt is the fraction of kerogen carbon converted to gas.
XRt is the fraction of kerogen carbon converted to residue.
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S is the hydrogen/shale ratio, expressed as the fraction of the
stoichiometric ratio for complete conversion of kerogen to
methane.
As will be discussed in more detail in the section on heat require
ments, one of the major problems in the direct shale hydrogasification
process is that of operating autothermically. This means bringing in suf
ficient heat (without heat transfer through the reactor walls) to raise the
temperature of the oil shale to the point where hydrogasification rates be
come reasonably rapid. Operating the process with synthesis gas produced
by partial oxidation of shale oil can provide a means of heating the shale
to reaction temperature at sufficiently low hydrogen/shale ratios so that
separating hydrogen from the product gas will not be required. A high
partial pressure of carbon dioxide in the synthesis gas may also inhibit the
decomposition of calcite, thus improving hydrogen utilization and process
heat efficiency. In an actual synthesis gas run, mineral carbonate decom
position was reduced from the usual 30 percent-40 percent to approxi
mately 20 percent.
The presence of gaseous constituents in the synthesis gas in addition
to hydrogen did not appear to have an effect on the hydrogasification re
sults within the limits studied. The organic carbon conversion to gaseous
hydrocarbons was primarily influenced by the hydrogen/shale ratio, as
when hydrogen is fed.
Alternate processing schemes include the use of steam, hydrogen-steam
mixtures, or flue gas in fluidized-bed-type reactors. External heat, if re
quired, would be furnished by heating coils. Since the process would be
operated at approximately 1200F, steam and carbon dioxide can be as
sumed to be essentially inert to the gaseous hydrocarbons; this was veri
fied in the synthesis gas tests. Therefore, it was expedient to study the
effect of diluents on hydrogasification by making tests with various nitro
gen-hydrogen feed mixtures, as nitrogen is inert. The intent was to de
termine whether the conversion to gaseous hydrocarbons is a function of
the hydrogen partial pressure'. These tests correlate well with the results
using pure hydrogen as is shown in figure 18, which indicates that the
only important variable is the hydrogen/shale ratio, and that the
partial
pressure is not an important parameter.
New Albany shale was selected as one of the more promising eastern
shales for the manufacture of pipeline gas. A survey of the important
eastern shale deposits has been reported by
Shultz.9 New Albany shale
has a greater tendency to form carbonaceous residue
than Colorado shale.
Also, the conversion to gaseous hydrocarbons is less dependent on the
hydrogen/shale ratio than with Colorado shale. Since, however, no dif
ference was noted in the gasification behavior of these two materials in
batch tests, the same model presented
for Colorado shale may also be
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Fig, 18.-EFFECT OF HYDROGEN /SHALE FEED RATIO
ON CONVERSION OF ORGANIC CARBON TO RESIDUE
AND GASEOUS HYDROCARBONS
valid for New Albany shale. Insufficient data are available, however, for
New Albany shale to determine this.
In contrast to batch reactor results at long residence times, it appears
that the Fischer assay oil yield is an important parameter for determining
the reactivity of a shale to form gaseous hydrocarbons. For example, the
Fischer assay oil yield for New Albany shale was approximately 0.052
gal/lb of organic matter, whereas the Colorado shale oil yield was ap
proximately 0.088
gal/lb of organic matter. The carbon/hydrogen ratios
were approximately
7.85 and 7.20, respectively.
HYDROGASIFICATION PROCESSPROCESSING CONCEPTS
Process Design
Oil shale kerogen can be hydrogasified in two ways: oil can be ob
tained by retorting
with subsequent hydrogenation of the resulting shale
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Fig. 19.-EFFECT OF AVERAGE BED TEMPERATURE ON
GASEOUS HYDROCARBON DISTRIBUTION
oil, or the oil shale can be hydrogenated directly. Experimental work at
IGT has been concentrated on the latter method.
The major problem in direct hydrogasification of oil shale contain
ing large amounts of inorganic matter is the large amount of heat re
quired to heat the shale to the reacting temperature. Shale can be pre
heated only to about 550F before retorting begins. The hydrogasifica
tion reaction does not become reasonably rapid until about 1050F. Con





the hydrogasification reactor. In the pilot plant studies described above,
this heat was furnished through the wall of the reaction vessel, which is
difficult in practice. A large reactor operating at the temperature and
pressure required for the process would be far too costly unless the pro
cess could be operated autothermically.
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Fig. 20.-EFFECT OF AVERAGE BED TEMPERATURE ON
CARBONATE DECOMPOSITION
That shale begins to retort at a temperature well below the level at
which hydrogenation begins causes considerable problems. The retorted
oil and any gas
used for hydrogasification must flow from the low-tempera
ture region where oil starts to evolve into a zone of high temperature
where
hydrogasification can occur. This eliminates the possible use, for
example, of a
simple countercurrent process which would otherwise be
preferred because of heat economy.
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Regardless of the mode of gas-solids contacting, the hydrogasification
reactions occur primarily in the gas phase. Some preliminary
reaction
probably occurs in the gas film surrounding the shale particle as the
oil
arrives from the interior, as was discussed by Feldmann and
Huebler,3 but
the majority of the reaction must occur in the flowing gas stream as in
the oil hydrogasification work of Shultz and
Linden.13 It was shown that
an oil as heavy as crude shale oil cannot be hydrogasified without a con
siderable amount of coke formation. It is an important feature of the de
veloped direct oil shale hydrogasification process that the vapor-phase hy
drocarbons remain in contact with spent shale at reaction temperature
until the hydrogasification reactions are essentially complete.
Three modes of gas-solids contacting can be considered: free fall,
fluidized bed, and moving bed. Free-fall contacting achieves very short
solids residence times, which gives very low degrees of mineral carbonate
decomposition, thus reducing the need for carbon dioxide removal and
methanation. These tests as well as other pilot plant tests were, of neces
sity, conducted with very finely divided solids, which resulted in very
rapid heating with small temperature gradients within the particles. Use
of"large particles, which would be advantageous from a cost standpoint,
would probably not be possible in this mode of solids handling.
Two probable disadvantages of fluidized-bed operation are the need
for a high degree of size reduction, and the particle attrition within the
reactor, possibly resulting in a dust problem. The latter problem could be
quite severe, since shale rapidly loses strength as the kerogen is removed
especially during cooling.
The moving-bed mode of contacting can be operated either
co- or
countercurrently. As described above, however, the countercurrent pro
cess must be modified to be operable. A probable but unproven advantage
of moving-bed operation might be that large lumps could be used.
In the pilot plant, the cocurrent moving-bed mode used in most of
these tests proved to be very operable, and few difficulties were encount
ered. In this mode of operation, the vapor-phase higher molecular weight
hydrocarbons and the hydrogen-containing gas travel through the spent
shale, which remains hot so that the hydrogasification reaction can be
carried out in contact with hot solids. The heat required to bring both
the shale and the hydrogen-containing feed gas to reaction temperature
was obtained by passing heat from external heaters through the walls of
the metal reactor tube. In these tests both the oil shale and the feed gas
entered the reactor tube at essentially room temperature. This method of
heating the reactants would not be economical.
In practice, a cocurrent scheme could be operated autothermically if
the gas containing the required hydrogen were preheated sufficiently to
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of the early experimental work, pure hydrogen was used. However, to
operate autothermically, considerable excess hydrogen would be required
with pure hydrogen feeds. A convenient way to operate such a scheme is
shown in figure 21, wherein retorted oil is partially oxidized with oxygen
and steam (in a conventional manner except for the pressure level), and
the hot products (synthesis gas) are introduced together with preheated
shale into the top of the hydrogasification reactor.
A partial oxidation reactor can be operated over wide ranges of fuel/
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OXIDATION REACTOR
176 Quarterly of the Colorado School of Mines
adiabatic reaction temperature of about 2500F. Lower temperatures tend
to produce increased amounts of unburned carbon. Higher temperatures
would require more expensive refractory materials in the system.
The synthesis gas is also capable of releasing heat by the carbon mon
oxide shift reaction and of furnishing hydrogen upon cooling. In this
latter step it is assumed that the carbon monoxide shift
reaction is slower
than the cooling process and reaches equilibrium at
about 1250F. Added
process flexibility can be achieved by introducing additional high-pres
sure steam at
1050
F downstream of the partial oxidation reactor. This
will not change the heat-carrying capacity of the synthesis gas materially,
but it will serve three purposes: 1) the hydrogen content of the synthesis
gas will be increased by the carbon monoxide shift reaction, 2) the in
creased mass of gas will serve to restrict the temperature rise of the sys
tem as the exothermic hydrogasification reaction occurs, and 3) this ad
dition of steam will lower the temperature of the synthesis gas and reduce
the heat shock to the shale.
From the standpoint of providing the required hydrogen and the nec
essary initial heat input, and of preventing an excessive temperature rise,
the use of hot, raw synthesis gas appears to be ideal. Since the decomposi
tion of mineral carbonates provides a large amount of carbon oxides
which have to be removed from the product gas, addition of more carbon
oxides in the hydrogen stream does not appear to be a major disadvantage.
As a matter of fact, the results obtained in pilot plant operation indicate
that mineral carbonate breakdown is suppressed by the presence of these
carbon oxides. In a process scheme employing hydrogen as the feedstock,
a substantial portion of the hydrogen is consumed by reaction with the
carbon dioxide liberated by the shale to form carbon monoxide and water
vapor. This hydrogen loss is reduced by the use of synthesis gas.
HYDROGASIFICATION PROCESSPROCESS HEAT EFFECTS
The major purpose of the preceding experimental work was to obtain
reliable data on the chemistry and kinetics of the shale hydrogasification
process. To best accomplish this, the experimental work described was
conducted under conditions in which the temperatures of the reactants and
the products were forced to, and maintained, at a predetermined level.
This was accomplished by controlling the temperature of the small-diam
eter reactor tube by external heating. As a result of this method of ex
perimentation, the process heat effects were overridden and, consequently,
no experimental information was gained concerning the magnitude of
these heat effects.
To reduce the hydrogasification process to practice, it will be neces
sary to design an operable reactor system. It would be preferable if the
optimum reactor could be designed on paper from a complete knowledge
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of the reacting substances, rather than build a specific reactor and then
attempt to modify it later. The latter method, while commonly employed,
is often extremely expensive.
In the present state of development, process heat effects can be esti
mated from data available in the literature and used with sufficient ac
curacy to make preliminary estimates of the feasibility of various process
concepts. The important heat effects are :
1. Sensible heat of raw shale
2. Heat of hydrogasification reaction
3. Heat of decomposition of mineral carbonates
4. Heat of carbon monoxide shift reaction
5. Sensible heat of spent shale
6. Sensible heat of gases
7. Heat of gasification of shale oil
The sensible heats of raw and spent shale were obtained from data ob
tained by the U.S. Bureau of
Mines.8, ^ The heat of the kerogen hydro
gasification reaction was calculated with thermodynamic data from Ros
sini7 for a model compound, since no direct measurements are available.
The heats of decomposition of mineral carbonates were calculated from
data given by Kubaschevski and
Evans.4 The heat of the carbon monoxide
shift reaction and sensible heats of gases were also calculated using data
given by Rossini. Since data are available for the heat of combustion of
shale oil, the heats involved in the partial oxidation reaction were calcu
lated from the heat of combustion and from data given by Rossini.
HYDROGASIFICATION PROCESSENGINEERING
ECONOMICS STUDIES
Engineering economics studies accompanied the experimental work on
oil shale hydrogasification since 1960. Since the objective of the experi
mental work in this period was the development of an economical pro
cess for conversion of oil shale to pipeline gas, it was necessary to make
process designs of pipeline gas plants. Cost estimates of these plants ana
lyzed pipeline gas cost into its component elements. By showing the con
tribution of the hydrogasification step to the overall gas cost and effects
of various processing schemes on the size and cost of other plant process
ing steps, experimental work could be guided into the most attractive
areas. Design and economic studies provided a practical orientation to
the entire project, helping to keep efforts focused on the ultimate objec
tive of a practical and economical pipeline gas plant.
Several separate cost estimates were made during the course of the
program on the direct hydrogasification of oil shale. The first cost esti
mates were made for a hydrogen-rich feed gas because the early
experi-
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mental work was performed with hydrogen feed gas. It was also necessary
to first show whether this direct process was more economical than the al
ternate process, which involved hydrogasification of refined shale oil from
one of the retorting processes previously developed. As more laboratory
data became available the economics studies were revised. They showed
that if hydrogen-methane separation could be avoided by reducing the
hydrogen/shale ratio, the direct process would have an economic advan
tage over the alternate process. When results of pilot plant tests showed
the economic advantage of reduced hydrogen/shale ratios, no further cost
work on shale oil hydrogasification was done. Since demonstration of the
feasibility of reacting hot synthesis gas with the shale gave the most prac
tical and lowest cost process, only the results of this study will be pre
sented.
Direct Reaction of Synthesis Gas with Shale
As was discussed earlier, the use of hot, raw synthesis gas from the par
tial oxidation reactors in place of hydrogen as the hydrogenating gas, pro
vides a way of preheating the shale without using a large excess of feed
gas and offers economic and process advantages. The heat-carrying capa
city of the gas is increased by the carbon oxides and steam which accom
pany the hydrogen required for reaction. Computations show that a shale-
synthesis gas mixture temperature of 1050F can be obtained with a
2500F synthesis gas from the partial oxidation reactors and shale pre
heated to 500F.
The use of hot, raw synthesis gas directly in) the hydrogasification re
actors has economic advantages in addition to the operating advantages.
For example, considerable equipment can be eliminated from the hydro
gen section. To avoid compression of the hot synthesis gas, it would be
necessary to operate the synthesis gas generators at hydrogasifier pressure,
1000 psig, which would raise equipment costs.
With synthesis gas, as with hydrogen, the gas/shale ratio is limited by
heat transfer requirements. By increasing the ratio of steam/oil fed to the
partial oxidation reactors, a much larger quantity of synthesis gas is pro
duced for a given quantity of shale oil and oxygen, which permits greater
flexibility in selection of hydrogen/shale ratios.
The apparent attractiveness of the use of synthesis gas for shale hydro
gasification showed a definite need for a base case design incorporating
the solids-downflow, cocurrent reactor concept with synthesis gas as the
external hydrogen source. Pilot plant tests with synthesis gas as feed
were available to provide a basis for this new design.
Figure 22 presents a flow diagram of the process. Oil shale is re
torted to provide oil for synthesis gas production, and fuel for steam gen
eration and shale preheating. The major equipment items in the synthesis
gas section are the partial oxidation reactors and the oxygen plant. These
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units operate at the same pressure as the hydrogasifiers, so that the hot
synthesis gas (2500F) can be fed directly to the hydrogasifier without
compression. Shale is preheated to 300F by countercurrent exchange
with
700
F flue gas. The hydrogasification system used in this design is
shown in figure 23.
Synthesis gas generation under the proposed conditions was discussed
with petroleum industry representatives, from whom Cameron and Jones
had obtained the cost of the partial oxidation equipment. One of the
representatives stated (1962) that 600 psig was the highest pressure that
had been considered for partial oxidation reactors, although up to that date
none had been installed for pressures over 450 psig. He could not estimate
the effect on cost of increasing the pressure to 1000 psig, except to say that
a major portion of the savings resulting from elimination of heat recovery
and scrubbing equipment would be lost if reactor pressure was raised to
1000 psig.
Hydrogasifier effluent gas is taken through the steps of shift, prepuri-
fication, and methanation as in earlier designs. Table 2 presents gas
stream flow rates and compositions for the pipeline gas plant.
Cost Reduction Studies with Synthesis Gas Feed
With the above design for synthesis gas as a base case, the effect of
reducing the synthesis gas/shale ratio on shale requirements and gas cost
was studied. Two process designs for equivalent hydrogen/shale ratios of
32.5 and 0 percent of! stoichiometric, in addition to the base case at 61.5
percent were then made.
In the 0% case, the "synthesis
gas"
is considered to be a flue gas pro
duced by combustion (in the presence of steam) of sufficient oil with oxy
gen to make the required amount of flue gas to preheat the feed shale.
Enough steam is added to maintain the temperature of the raw synthesis
gas at 2500F. Hydrogasification yields and effluent gas composition are
based on pilot plant tests in which nitrogen is used as a feed gas. For all
three cases, the basic process sequence is as presented in figure 22.
Investment costs for the three designs are based on the same unit
costs and are summarized in table 3. Investment for storage and reclaim
ing is proportional to total plant shale; investment for solids preparation
is based on shale required for hydrogasification; investment for retorting
is proportional to the sum of the shale required for synthesis gas and fuel.
As the hydrogen/shale ratio decreases, investment for oxygen decreases
because the shale oil requirement decreases. Investment for synthesis gas
generators increases because the volume of gas at pressure increases due to
introduction of large amounts of steam. Unit costs on which the invest
ment figures are based are somewhat different from the earlier estimates
and are based on a more detailed study of these items.
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OIL SHALE 60*F





































































Fig. 23. -SHALE HYDROGASIFICATION SYSTEM:
TEN PARALLEL TRAINS REQUIRED
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Operating and fixed costs and the 20-year average gas prices are pre
sented in table 4.
Table 4. -DETAILS OF ANNUAL OPERATING
EXPENSE-
USE OF RAW SYNTHESIS GAS IN HYDROGASIFIER
(90 x 109 BTU/STREAM-DAY PIPELINE GAS FROM COLORADO OIL SHALE,









Maintenance {yjt> of bare cost)
Supplies (15# of maintenance)
Supervision (10$ of Direct
Operating Labor)
Payroll Overhead (10# of Direct
Operating Labor and Supervision)
General Plant Overhead (50# of
Operating Labor, Supervision,
Maintenance and Supplies)
Depreciation (5# of Total
Fixed Investment)
State and Local Taxes and
Insurance (3# of Total Fixed
Investment) 1,709,600 1,651,200 21157.800
Total Production Costs Before
Contingencies 15,776,600 15,1^7,200 19,995,400
Contingencies 315, 500 502, 900 399* 900
61.5 32.5 Low-Ne Flue Gas
5,847,500 5,570,400 8, ooi, ioo
310, 000 288, 300 410, 100
1, 393, 900 1, 345, 000 1, 442, 900
1,511,300 1,459,700 1,907,600
226,700 219,000 286, 100
139, 400 134, 500 144, 300
) 153, 300 148, 000 158, 700
1,635,600 1, 579, 100 1,890,400
2,849,300 2,752,000 3,596,400
Total Production Costs 16,092,100 15, 450, 100 20, 395, 300
Byproduct Credit
Benzene* 175, 500 162,400 223,600
Liquid Products* 1, 185, 400 887,200 1, 410, 100
Ammonium Sulfate 264,400 264,400 264, 400
Total Credit 1,625,300 1, 314, 000 1,898,100
Net Production Cost 14, 466, 800 14,136,100 18,497,200
20-Year Average Capital Cost
(Return Plus F.I.T.) 3, 369, 900 3,255,600 4,263,400
Total Annual Cost 17,836,700 17, 391, 700 22,760,600
20-Year Average Price of Gas,
cents/MMBtu 56.9 55.6 73.1
* Fuel Oil Equivalent 0.65 cents/ton
+ $32/ton
The price of pipeline gas, shown in figure 24, drops very gradually
from 56.9 cents/MMBtu at the 60 percent of stoichiometric level to 55.6
cents/MMBtu at the 33 percent level. The price then rises sharply to 73.1
cents/MMBtu as the hydrogen/shale ratio is lowered to 0. The curve for
gas price is similar to that for total plant shale requirements. This similar
ity occurs because the material costs and the equipment costs for shale
storage and handling, preparation, and hydrogasification increase as the
shale required for hydrogasification increases.
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Fig. 24. -PLANT SHALE REQUIREMENTS AND PRICE OF GAS
AS A FUNCTION OF SYNTHESIS GAS /SHALE RATIO
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It is concluded that hydrogasification of oil shale required external
hydrogen in order to operate economically. The hydrogen/shale ratio
that appears most favorable is about one-third of the stoichiometric value.
The minimum in the gas price curve results from the fact that, as less
synthesis gas is used, incremental decreases in the hydrogen/shale ratio
result in more than proportional increases in shale required for hydrogas
ification and all the attendant costs of increased solids handling. At some
point the latter costs overbalance the savings due to reduced hydrogen
supply facilities.
The economic advantage for synthesis gas over hydrogen decreases as
the hydrogen/shale ratio decreases, which is to be expected as a result of
decreasing external hydrogen requirement. The minimum gas price occurs
at one-third the stoichiometric hydrogen/shale ratio for both schemes; at
this point the advantage is 3 cents/MMBtu. At 61.5 percent of stoichio
metric the difference is 3.8 cents/MMBtu.
Elements of Pipeline Gas Cost
Although the estimates of pipeline gas plant designs present detailed
breakdowns of investment and operating costs, they do not present the ele
ments of pipeline gas cost in a process-wise fashion. It is of interest to
show the fraction of pipeline gas price represented by each of the various
operations of the process.
In order to analyze pipeline gas cost into its components, calculations
were made for the two designs with synthesis gas for hydrogen supply
61.5 percent and 32.5 percent of the stoichiometric hydrogen/shale ratio.
Results are shown in figure 25.
For a shale cost of 72 cents/ton, one-third of the gas price is repre
sented by the shale cost. This proportion is a function of both the cost of
mined shale and shale richness. For the optimum (one-third stoichio
metric) hydrogen/shale ratio, synthesis gas manufacture represents 21
percent of the product gas price, and hydrogasification represents 24 per
cent of the product gas price.
Purification at 6 cents/MMBtu is a significant but not a major item.
Most of this is due to costs for carbon dioxide removal. Shale storage and
reclamation and retorting operations each represent a very small percent
age of the pipeline gas price. The small price for retorting is not a full
measure of the cost to the plant of shale oil produced in the retorting op
eration. As a matter of interest, the shale oil cost as a separate item can
be calculated from shale price, storage and reclaiming, and retorting for
the 40 gal/ton material; this cost amounts to $1.30/bbl. For 25 gal/ton
oil shale, the cost is about $2.00/bbl, assuming proportionate increases in
the solids handled and the same percentage oil yield. For 50 cents/ton
shale, the figures are $1.00/bbl and $1.65/bbl respectively.




















Fig-. 25. -ELEMENTS OF PIPELINE GAS
PRICE-
REACTION OF RAW SYNTHESIS GAS WITH OIL SHALE
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Carbon monoxide shift and methanation costs are each minor portions
of the total cost. Even if catalyst life were only 1 year instead
of the
assumed 4 years, the change in cost would be only a few tenths of a
cent
per MMBtu. From inspection of these costs it is apparent that a lower
price of gas would depend largely on cheaper shale of the same quality
and lower costs of hydrogasification and synthesis gas manufacture.
CONCLUSIONS
Pipeline gas can be manufactured at a reasonable cost by the hydro
gasification of either oil shale or shale oil. Direct hydrogasification of
the oil shale early in this study appeared to offer the best opportunity
for
cost reduction because of the high production of coke at low hydrogen/oil
ratios when shale oil is hydrogasified. Excess carbon can be removed with
the spent shale with the former process.
The most important process variable influencing the cost of pipeline
gas from oil shale by hydrogasification is the hydrogen/shale ratio, with
the optimum level being about one-third the stoichiometric value. From
both a process and an economic standpoint, the best way to supply
hydrogen is by synthesis gas. The hot, raw synthesis gas simultaneously
preheats and reacts with the shale. In addition, important savings in
process equipment are realized by not carrying the synthesis gas through
subsequent steps normally required in the manufacture of process
hydrogen.
Oil shale price and richness exert a more significant effect on pipe
line gas cost than any of the individual steps in the gasification process.
This is shown in figure 26. As oil shale richness is decreased from the 40
gal/ton quality used as a basis for these studies, the solids problem be
comes more important and might make oil hydrogenation more attractive
if the latter could be carried out at low hydrogen/oil ratios. This might
be accomplished in a fluidized or moving coke bed as a means of remov
ing carbon.
Taking into consideration the possible savings in hydrogasification and
synthesis gas sections, it appears that, with 40 gal/ton oil shale, a pipeline
gas price of about 50 cents/MMBtu is reasonable. However, since the
bulk of oil shale reserves, on which a gas-from-oil shale industry must be
based, will provide raw material from the mines on a long-term basis av
eraging 25 to 30 gal/ton at best, it is probably prudent to consider 50
cents/MMBtu as a minimum gas price.
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DISCUSSION
Discussion following paper by H. L. Feldkirchner :
Question: What processes did you use in your gas purification step,
ahead of methanation?
Feldkirchner: There was shift and scrubbing to bring the gas hy
drogen CO ratio to three to one (3-1) for methanation, and that is about
it. I can give you the full details in just a moment. If you want the full
details of the process, this is given in a flow sheet in the next to the last
figure in the paper. We go through, of course, ammonia scrubbing, an
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iron-oxide box; then we go through activated carbon (and take out
benzene) to purify it (the gas), and take out sulphur. We then go through
a hot potassium carbonate scrubbing system to take out the C02 and then
go to methanation, using conventional fixed bed catalysts.
Question: Do you visualize any mechanical problems in handling
this much rock and at these pressures, and any power consumption prob
lems in pressuring and de-pressuring these lock-hoppers?
Feldkirchner: Yes, this is a big problem actually, in operating these
high pressure reactors. The amount of power you've got to use to com
press gas for your lock-hoppers is significant. As far as handling prob
lems, we expected to get all sorts of tar and dust problems, and we
didn't have any. We ran this cocurrent solids downflow moving bed sys
tem, and it worked quite well. I think one thing that happens is that as
the shale cools down as it goes out of the reactor, perhaps some things
condense on the shale, and you don't have a tar problem. And if you
don't gasify completely (that is, if you don't highly gasify all the kerogen) ,
you probably leave enough organic matter in there so that you don't
weaken the shale, and you don't have a dust problem.
Bob Crumb, CSM Grad. Student: Would you elaborate on the
sensible heat values that you used in the study?
Feldkirchner: Well, in lieu of complete data which are not available
as yet, we used data given by the Bureau of Mines in one of their R.I.'s,
and also in a subsequent I. and E. C. article on the heat of retorting of oil
shale. In other words, you can get at the problem to get the heat required
to go from one point to another by any path you want to pick. So, instead
of going through the path we actually follow in the process, we go through
a heat of retorting followed by a further heat of hydrogasification of oil,
and then on to the sensible heat of spent shale. Of course, these data are
also available in these and other publications. Does this answer your
question ?
Bob Crumb : I was asking more for a range of values.
Feldkirchner: I don't have any specific numbers in mind. Sensible
heats run close to normal specific heats for solids around four-tenths






The commercial use of oil produced from oil shale has been practiced
in several countries. The oil shale industries of Estonia, Sweden and Scot
land have well established production history.
At the present time there are many known oil shale reserves where ex
ploitation is currently impossible because of purely economic reasons.
Therefore, a process that would produce oil from oil shale without the
compound investment of underground mining plus the above ground pro
cessing, should be of considerable commercial interest.
The recovery of oil from oil shale by underground pyrolysis is not a
novel idea. The first effort of this kind was made in Sweden1. In this case,
the heat was transferred to the shale by electrically heated bottom-hole
heaters.
The recovery of hydrocarbons from the oil shale without mining oper
ations is the purpose of application of the electrocarbonization process.
This technique requires two or more bore holes drilled from the surface
into the oil shale. These wells are equipped with electric current carrying
conductors (pipe) and electrodes which contact the oil shale in situ. A
source of electrical power completes the entire facility. When the elec
trodes are energized, the flow of current between electrodes decomposes
the hydrocarbons and the production of gas and oil is obtained (fig. 1).
It has been demonstrated that the electrical pyrolysis progresses out
ward from each electrode until these zones finally merge and create a con
tinuous fixed carbon path between the two electrodes. This zone has a
high electrical conductivity in comparison to the surrounding strata and
therefore the carbonization of oil shale takes place in this area.
The electrocarbonization process may be considered consisting of sev
eral stages. The formation of a continuous fixed carbon path between two
electrodes has been referred to as
"electrolinking"
or "electrofracing".
Further enlargement of the carbon zone by additional electrical coking is
defined as "electrocarbonization". With an electrofracture and the subse
quent electrocarbonization of oil shale, a useful permeability zone of an
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is formed. This zone can be used for underground
gasification of oil shale by combustion reactions or combined with electri
cal heating and fluid injection operation.
The recovery of oil from the oil shale by underground combustion has
been studied in Estonia2 and Germany3. Since these efforts, similar work
has been continued in the United States4.
Both the electrocarbonization of oil shale in situ and the mining of oil
shale have a single objective of extracting energy from oil shale at profit.
This energy may be produced in the form of gas and oil.
THEORETICAL CONSIDERATIONS OF UNDERGROUND
ELECTROCARBONIZATION
Heating a geological formation by use of an electrical current can be
considered from the theoretical aspects governing electrical conductivity
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of the earth. In accord with the modern physical concepts, there are the




The heating of earth electrodes has been investigated by H. G.
Taylor5
indicating that when a current flows from an electrode into the earth, heat
is generated in the surrounding area of the earth. The limitation of the
heating of the ground electrodes is given as the boiling point of water, and
the following formula has been given to estimate the temperature of an
electrode contacting the earth.
i-
3 t
i = current density at electrode surface
2 = resistivity of the earth
S = density of the soil
3 = specific heat of the soil
6 temperature-rise of the soil
t = time
Thus according to the study of Taylor, when the temperature exceeds
the boiling point of water, the conductivity of the earth in contact with the
electrode approaches zero and therefore heating would cease. However, in
underground electrocarbonization, temperatures far above the boiling




The development of underground electrocarbonization process has been
carried out over a period of years. Many different hydrocarbon bearing
materials have been tested and the results published6.
Considering the present interest of oil production from Colorado oil
shale, the discussion in this paper describes some of the experiments and
principles of oil recovery from Colorado oil shale by underground electro
fracing process.
Analysis of samples used Oil Water
Sample 1 33.7 gal/ton 5.7 gal/ton
Sample 2 27 gal/ton 5 gal/ton
Sample 3 39 gal/ton 6 gal/ton
The measurements apparent electric resistivity
The measurements of resistivity of oil shale do not follow, strictly
* The application of electrofracing
has been made possible by replacing ionic conductivity of rock
by the fixed carbon
conductivity.
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speaking, Ohm's law. The resistivity measurements, therefore,
are relative
and subject for changes over wide range of magnitude.





120,000 ohm-cm 10 cm 14 cm
200,000 ohm-cm 10 cm 15.6 cm
170,000 ohm-cm 10 cm 18.7 cm
Electrofracing Experiments
The electrofracing of these samples was accomplished with plate elec
trodes of 1-inch diameter. Figure 2 illustrates the experimental set-up.
The carbonization gas is escaping through the fixed carbon channel




Electrical parameters of electrofracing
Time
Sec. Volts Amps Impedance KW KVA Remarks
25 3360 0.5 6720 1.68
77 2800 0.4 7000 1.12
137 240 5.6 43 1.35 1.34 Sample 1
157 170 6.8 25 1.20 1.15
187 77 7.5 10 0.60 0.57
292 86 21.0 4 1.90 1.80
Min.
0.5 6640 0.15 44266 0.996
1.5 8160 0.21 38857 1.713
2.0 2560 0.96 2665 2.458
2.5 670 3.10 216 2.077
3.0 116 4 29 0.464 Sample 2
3.5 46 21 2 0.966
4.0 41 18 2 0.738
14.0 42 18 2 0.756
21.0 41 20 2 0.820
Sec.
40 2800 0.8 37333 0.210
70 7040 0.3 27077 1.830
80 1760 0.1 17600 0.176
110 860 0.2 4300 1.720
130 440 2.8 157 1.232
190 240 5.0 4S 1.200 Sample 3
Min.
10 21 90 0.23 1.890
18 14 96 0.15 1.344
43 15 144 0.10 2.160
Electrocarbonization of Sample 3
In order to increase the permeability of oil shale after electrofracing
the process of electrical heating was continued until the coke zone reached
a diameter of 3.5 inches (fig. 3).
Permeability Measurements
It is known that small particles of carbonized oil shale show very low
permeability, in the range of 40-60 millidarcies or less. However, the
situation is somewhat different when larger cross sections of coke zones
are evaluated.
A section taken from Sample 3 and used for permeability determina
tion showed 114 darcies permeabilities. This only indicates that there is
a considerable change of permeability on large samples. One sample would
not be sufficient to prove the average permeability of oil shale strata.
However, after studying the sample under a microscope, one could predict
that high permeability should be expected, especially after burning the
fixed carbon. The increase in permeability is due to the lamination, frac
turing along the
different constituents of oil shale and the decomposition
of the organic and inorganic materials.
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Figure 3
THE THEORETICAL ASPECTS OF THE ECONOMICS OF
UNDERGROUND ELECTROCARBONIZATION
The economics of underground electrocarbonization is of paramount
interest. This discussion is limited to the amount of electric energy re
quired to produce a barrel of oil by electrical heating.
The consumption of electric energy for the electropyrolyses has to be
considered in two distinct steps. First, the phase of operation called elec
trofracing has been sufficiently evaluated from practical point of view.
For instance, the experiments over 60 feet and 154 feet distance have
shown that the linking cost per foot is approximately in the range of $0.70-
1.00 (cost of electric energy 5 mils per kwh) .
The second phase of operation, electrocarbonization, can be evaluated
by theoretical means. When dealing with oil shale which contains 42 gal
lons per ton of oil and using 0.3 as specific heat of oil shale, we can esti
mate the energy requirement for producing one barrel of oil or heating a
ton of oil shale to 960F. The calculated energy requirement would be 160
kwh. When power would be available 5 mils per kwh, then the cost of
heat requirement per barrel of oil would be $0.80. However, this is not
the final answer to this problem.
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In the recovery of oil there is about 10-20 percent of heat removed
from the formation in the form of sensible heat. The problem now be
comes technological, i.e., to design and operate an underground electro
carbonization unit so that the residual heat in situ would be used for addi
tional pyrolysis of oil shale.
One of the possibilities to accomplish this is to combine electrical car
bonization with the combustion cycle of fixed carbon. In this operation,
the carbonization proceeds at the interface of residual clinker. This high
temperature of combustion at the interface supports the rapid movement
of the heat zone into the shale formation. This operation is simply taking
advantage of the residual heat in the carbonization channel as well as the
heat of the combustion reactions. The process would be cyclic whereby
electric energy and air injection is used alternatively.
By initiating a multifracture system in the well, it is believed that a
high production rate could be obtained per unit (two wells).
These economical parameters here outlined leave enough latitude for
technological refinements of these operating techniques of underground
electrocarbonization for development of a practical commercial process.
Conclusion
Groups all over the world who are concerned with energy and fuels,
hold an intense interest in the wide-spread oil shale reserves. It is gener
ally accepted that some day these shale reserves will become a substantial
source of the world's energy. However, a more immediate realization
would undoubtedly follow a low-cost means of recovering the energy of
this shale in a practical usable form such as oil or gas.
The underground electrocarbonization of oil shale has demonstrated a
technical basis in actual recoveries as well as the fundamental cost abridge
ments that may enable it to evolve into a profitable system. The final step
to prove profitability requires a field testing program set up and conducted
specifically for this purpose.
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DISCUSSION
Question: You said the cost for the electrofracing was estimated at
$80-$100 per foot between the electrodes?
Sarapuu: Well, I'll have to excuse myself if I said that. What I had
in mind was $0.80-$1.00.
C. C. Frye, Hudson's Bay Oil & Gas Co., Ltd.: I'd like to ask what
breakdown voltage per foot, or per hundred feet is required?
Sarapuu: The question of voltage per foot is not exactly a term which
I could answer. The mechanism of electrocarbonization is not a dielectric
break-down. It is initiated at the critical power level of electrodes and
regardless of distance, from 10 to 1000 feet or theoretically any distance,
the initiating voltage requirement of electrofracing in a specific geological
strata will be the same. I'll give you an actual example of the case his
tory: linking over 154 feet in a coal bed has been started with about 2400
volts. Twenty and sixty feet of distance, at different test sites, has been
linked with the same initial voltage. The applied voltage determines that
the necessary power level for linking is available at the electrodes. The
rate of linking is also a function of the amount of electric power used.
The maximum penetration rates in the field operation have been 6-7 feet
an hour. In the laboratory, dealing with the Colorado oil shale, speed of
penetration of 30 feet per hour has been demonstrated.
 
 
 

